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' ABSTRACT
In the f i r s t  p a rt o f th is  the s is  galvanomagnetic and thermomagnetic 
e f fe c ts  were measured in  a s in g le  c ry s ta l o f bismuth in  magnetic f ie ld s  
ranging from zero to  18 k ilogauss and a t the temperatures 2 . 1° ,  2 . 66° ,
3 *5° and 4 .2 °  K e lv in . The purpose o f these measurements was to  provide 
a la rge  body o f  data which could then be used in  a th e o re t ic a l ana lys is  
o f the energy band s tru c tu re  o f bismuth. The s p e c if ic  measurements made 
were o f the c o e f f ic ie n t  and o f the isotherm al e le c t r ic a l  r e s is t iv i t y  
tensor and o f  e j j  and e j2 o f the th e rm o e le c tr ic  tensor. The thermal 
c o n d u c t iv ity  o f the c ry s ta l was a lso  measured. From these experimented . 
re s u lts  c a lc u la tio n s  were made o f the c o e ff ic ie n ts  o f  a, the isotherm al 
e le c t r ic  c o n d u c t iv ity  tensor; and o f e*1, the the rm o e lec tr ic  c o e f f ic ie n t  
tensor.
A
A b r ie f  account is  given o f the q u a s i-c la s s ic a l treatm ent o f the 
thermomagnetic e ffe c ts  and galvanomagnetic e ffe c ts  by Sondheimer and 
W ilson, and expressions are given fo r  a J2, e1^  and e'j2 . I t  Is 
shown th a t these c o e ff ic ie n ts  depend on the magnetic f ie ld  e ith e r  by ttie  
fu n c tio n  H ( H2 + H2) * or by the Iftin c tio n  Hj ( + H2) *, where Hj *
c n^f c being the v e lo c ity  o f l ig h t ,  m|f the e f fe c t iv e  mass o f the
c a r r ie rs ,  e the magnitude o f the e le c tro n ic  charge , T j the e f fe c t iv e  
re la xa tio n l£ im e  and the su b sc rip t re fe rs  to  the band. From th is  f ie ld  
dependence as a s ta r t in g  p o in t, a method is  ind ica ted  which enables one 
to  determ ine the c o n tr ib u tio n  o f the d if fe re n t  bands in  the tra n sp o rt 
e ffe c ts  and to  eva luate the associated parameters.
v i i
The second p a rt o f th is  th e s is  (independent o f  the f i r s t  p a rt) 
s tud ies one o f the most d ire c t  methods o f  e x te rn a l ac tion  on the p e r io d ic  
e le c t r ic  f ie ld  w ith in  a c ry s ta l:  th a t is ,  the homogeneous compression o f
the la t t ic e .  This im p lies a d ire c t  a c tio n  on the  e le c tro n ic  p ro p e rtie s  o f 
the c ry s ta l,  such as those associated w ith  the galvanomagnetic and thermo- 
magnetic e f fe c ts .  In the present work an in v e s tig a tio n  was made o f the 
pressure-dependence o f the pe riod  o f de Haas-Van A lphen-type o s c il la t io n s  
in  s in g le  c ry s ta ls  o f z in c  and bismuth. When h y d ro s ta tic  pressure is  
applied to  a c ry s ta l,  the la t t ic e  parameters are changed and in general 
the B r i l lo u in  zone boundaries and the shape o f the  Fermi surface a re  
changed. i t  is . t o  be expected the re fo re  tha t the  observed o s c i l la to ry  de 
Haas-Van A lphen-type e f fe c t  w i l l  change w ith  pressure.
The means used fo r  producing high pressures in  th is  in v e s tig a tio n  
was the s o lid  hydrogen ram. The p r in c ip le  o f t h is  technique is th a t  so lid  
hydrogen should be p la s t ic  enough to  transm it pressure h y d ro s ta t ic a lly .
The o s c il la t io n s  inve s tig a te d  in  z inc.w ere  those o f  o f  the thermo­
e le c t r ic  tensor. The pressure-dependence o f the period was observed in 
the range from 1 to  3000 atmospheres. The re s u lts  ind ica ted  a decrease 
in  the pe riod  w ith  pressure, bu t a t the same tim e  a so -ca lle d  "h ys te re s is  
e f fe c t"  was observed in  the period  vs. pressure curve. The probable cause 
o f th is  was an inhomogeneity in  the pressure tra nsm itte d  by the s o l id  
hydrogen.
Because o f the suspected inhomogeneity in  th e  pressure, i t  was decided 
to  present a more symmetric c ry s ta l l in e  surface to  the pressure medium. 
A ccord ing ly , sm all c ry s ta ls  o f bismuth were grown, approxim ately sph e rica l
v i i i
In shape. The period  o f o s c i l la t io n s  in  pg j were to  be in ve s tig a te d  as 
a fu n c tio n  o f  pressure, bu t, during  the a p p lic a tio n  o f pressure, s o l id  
hydrogen extruded past the potassium sea l in  the pressure chamber. The 
sudden change in  pressure on the c ry s ta l re su lted  e ith e r  in  fra c tu re  o f 
the c ry s ta l o r in  broken probes. Therefore no p o s it iv e  re s u lts  were 
obtained w ith  the bismuth spheres.
CHAPTER I
GALVANOMAGNETIC AND THERMOMAGNETIC EFFECTS IN BISMUTH
The purpose o f  th is  in v e s tig a tio n  in to  the thermomagnetic and
*
galvanomagnetic e f fe c ts  o f bismuth was to  provide a large body o f data 
which could then be used in  a th e o re t ic a l a n a ly s is . This work is  a 
c o n tin u a tio n  o f one phase o f the work by S ybert1 who in ve s tig a te d  the 
tra n s p o rt e ffe c ts  and the associa ted energy s tru c tu re  o f the e le c tro n s .
The present work is  p r im a r i ly  re s tr ic te d  to  an experim enta l an a lys is  
o f the tra n s p o rt e ffe c ts  and l i t t l e  a ttem pt w i l l  be made to  re la te  the 
experim enta l re s u lts  to  the present th e o rie s .
THE TENSOR EQUATIONS
The tra n s p o rt e f fe c ts  in  a number o f  metals have been in ve s tig a te d
fo r  severa l years a t Louisiana S ta te  U n iv e rs ity . The tensors re la t in g
the e le c t r ic  cu rre n t and heat c u rre n t to  the e le c t r ic  f ie ld  and temperature
2 3g ra d ie n t in  a m etal have been discussed by Bergeron, Zebouni,
*J. R. Sybert, "T ransport Phenomena in  a S ing le  C rys ta l o f  Bismuth
a t L iq u id  Helium Tem peratures," D is s e rta tio n , Louisiana S ta te  U n iv e rs ity , 
1961.
v': 2
C. J. Bergeron, "Thermo- and Galvanomagnetic P o te n tia ls  in  a 
S ing le  C rys ta l o f  Z inc a t Helium Tem peratures," D is s e rta tio n , Louisiana 
S tate  U n iv e rs ity , 1959*
^N. H. Zebouni, "Experim enta l D eterm ination o f  the Thermal 
C on du c tiv ity  and P e lt ie r  Tensors in  a S ing le  C rys ta l o f Z inc a t  L iqu id  
Helium Tem perature," D is s e rta tio n , Louisiana State U n iv e rs ity , 1961.
2.
i i  5  '
Bala in  and Sybert. The sub jec t is  a ls o  tre a te d  in  a recent tech n ica l 
re po rt by sofne members o f the low temperature group.^ A b r ie f  summary 
o f th e ir  treatm ent is  given here.
Processes in  ir re v e rs ib le  thermodynamics are described in  terms o f 
a f f in i t ie s  and flu x e s , where an a f f i n i t y  is  the "d r iv in g  fo rc e "  o f a 
process and the f lu x  is  the response to  th is  fo rc e .^  The flu x e s  are 
w r it te n  as l in e a r  fu n c tion s  o f the a f f in i t i e s :
J = ^E * -  ^ 'G  (1 -a)
w* = -rt"E* + ^ "G - (1 -b)
Here'ey is  the isotherm al e le c t r ic  c o n d u c t iv ity  tensor, e*1 is  the thermo- 
e le c t r ic  c o e f f ic ie n t  tensor, n " is  the P e lt ie r  tensor, and a" is  the 
is o p o te n tia l thermal c o n d u c t iv ity  tenso r. The componehts o f these fo u r 
tensors are c a lle d  the k in e t ic  c o e ff ic ie n ts .  The f lu x  _J is  the e le c t r ic  
c u rre n t d e n s ity , and the a f f in i t y  G is  the negative o f  the temperature 
g ra d ie n t. The q u a n tity  _E is  defined from the negative g rad ie n t o f  the 
e lectrochem ica l p o te n t ia l p o f an e le c tro n , where p is  the sum o f an
4
K. S. Bala in ,  "Thermo- and Galvanomagnetic E ffe c ts  in  S ing le  
C rys ta ls  o f Z inc  and T in  Under the In fluence  o f  High Pressures and Low 
Temperatures," D is s e rta tio n , Louisiana State U n iv e rs ity , i 960 .
5■Sybert, op. c i t .
6C. G. Grenier> J. M. Reynolds, and N. H. Zebouni, E lec tron  
Transport Phenomena in  Zinc a t  L iqu id  Helium Temperatures. In te rim  
Technical re p o rt No. 2 . ,  U. S. Army Research O ffic e  Grant No. DA -  ORD -  
31 -  12*t -  61 -  G 76, 1962.
^H. B. C a llen , Thermodynamics (New York: John W iley and Sons, Inc. 
I 960) ,  pp. 28^  f f .
e le c t ro s ta t ic  component and a chemical component pc . Thus
1 *  = - “  £ ( ^ e + > c ) = 1 ^ - 7 (2)e ' e r c  *- e ■ c 
where e is  the magnitude o f  the e le c tro n ic  charge, and £  is  the e le c tro -
'fC
s ta t ic  f ie ld .  The q u a n tity  w is  the vecto r sum o f the to ta l energy 
cu rre n t p lus the flow  o f the  e lectrochem ica l p o te n tia l n:
>1w = U + *=• J = W + ^ u i  J. — — e — — e c — . (3)
In an is o tro p ic  medium i f  the c u rre n t vecto rs are in  an X jX^-plane 
and the magnetic f ie ld  is  in  the X ^ -d ire c tio n  in  a Cartesian coord inate  
system, then the tra n sp o rt phenomena are s im p lif ie d  and fcqn be described 
in  Equations (1) by 2 x 2 tensors o f  the form
3 11 a 12
21 22
With the magnetic f ie ld  in  the X ^ -d ire c tio n , the diagonal elements o f the 
tensor §  are even func tions  o f H and the o ff-d ia g o n a l elements are odd 
fun c tio n s  o f H. Th is, toge ther w ith  the iso tropy  o f the X^Xg -  plane
re s u lt  in  the fa c t  tha t
and
a l l  "  a22
3 12 = ”a2 lV
(5-a)
(5-b)
These symmetry re la tio n s  reduce the number o f independent k in e t ic  co^ 
e f f ic ie n ts  in  equation (1) to  e ig h t. Each tensor is  then a lin e a r com­
b in a tio n  o f  the u n it  tensor
? = 1 0 0 1 (6-a)
and the an tisym m etric  tensor
*  = °  1 *  -1  0 (6-b )
These tensors form a group isom orphic to  the complex numbers and th e re fo re
8may be used in  s im ila r  opera tions.
I f  the medium is  a n is o tro p ic , th is  s im p li f ic a t io n  is  poss ib le  i f  
there is  is o tro p y  in  the XjXg -  plane o r i f  the “  a x is  is  a c r y s ta l l in e  
a x ix  o f th re e - , fo u r - ,  o r s ix fo ld  symmetry. In the case o f the measure­
ments on bismuth th is  s im p li f ic a t io n  was made poss ib le  by keeping the 
d ire c t io n  o f the magnetic f ie ld  p a ra l le l  to  the tr ig o n a l ax is  o f  the 
c ry s ta l.
9 10The a p p lic a tio n  o f Onsager's re c ip ro c a l re la tio n s  '  to  Eqs. (1)
gives
V p W  -  (' H) ( 8 ’ a )
> ' V H) = A V ( ' H) (8_b)
TlC p  (H) = " f U  (" H) = 1>2) -  (8-e )
Equation (8- c ) ,  combined w ith  the symmetry re la t io n s , gives
TCp<H) = Ve(H) (9)
or i n tensor form
ii . it
T£ = $  . ( 10)
8G ren ie r, Reynolds, and Zebouni, o£. c i t . , p. 3*
Q
L. Onsager, "R ecip roca l R e la tions in  Ir re v e rs ib le  Processes. 1 ,"
The Physica l Review. XXXVII (1931), ^05-^26.
*°L. Onsager, "R ecip roca l R e la tions in  Ir re v e rs ib le  Processes. 11 ," 
The P hysica l Review. XXXVIII (1931), 2265-2279-
5The re la t io n s  in  Eqs. (8 ) reduce the number o f independent k in e t ic  
c o e ff ic ie n ts  to  s ix . * *
From the s tandpo in t o f  the e x p e rim e n ta lis t, who u su a lly  measures 
r e s is t iv i t ie s ,  two o the r fo rm u la tio ns  o f the k in e t ic  equations are con­
ve n ie n t. In the f i r s t  one, the e le c t r ic  c u rre n t d e ns ity  and the g rad ien t 
o f  temperature are the independent. va r ia b le s :
I *  = $i  + &  (11—a)
.£ *  = + A G. (11-b )
In Eqs. (11) p is  the isotherm al e le c t r ic a l  r e s is t iv i t y  tensor, 'e the
a ^abso lu te  th e rm o e le c tr ic  tenso r, it the isotherm al P e lt ie r  tensor, and A
the thermal c o n d u c t iv ity  tenso r. The components o f these tensors are
12 1^c a lle d  the isotherm al c o e ff ic ie n ts .  Mazur and P rigogine J have
discussed the s im p li f ic a t io n  im p lied  in  th is  fo rm u la tio n . In the th ir d
fo rm u la tio n  the independent va r ia b le s  are the two flu x e s , the heat cu rre n t
and the e le c t r ic  c u rre n t. The k in e t ic  equations are:
•k a  . . .  A, *  , .
■ . £  = P i  + £ w (12-a)
£  = + ^ w** (12-b)
In Eqs. (12), e1 is  the th e rm o e le c tr ic  tensor, n ‘ is  the P e lt ie r  tensor,
p 1 is  the a d ia b a tic  e le c t r ic a l  r e s is t iv i t y  tenso r, and ^ i s  the therm al,
r e s is t iv i t y  tensor. The components o f these fo u r tensors are c a lle d  the
1/f
a d ia b a tic  c o e f f ic ie n ts .
**G ren ie r, Reynolds and Zebouni, o£. c i t . . p. 5*
*2 l b id . . p. 7 .
*^P. Mazur and I .  P rigog ine , 'T . •.'Thermodynamique des E ffe ts  Thermo- 
ritaghetiques e t Galvanomagnetiques," Le Journal de Physique e t le  Radium,
X II (1951), 616-620.
V* ^ G re n ie r ,  Reynolds, and Zebouni. op. c i t . . p. 8 .
6A number o f  Important re la t io n s  e x is t  between the tensors o f the 
3 sets o f  k in e t ic  equations given above. Two which w i l l  be used in  th is  
In v e s tig a tio n  are :
e1 ( 13-a )
= P ~ '. (13-b)
A qu as i-c lass  le a l treatm ent o f the  thermomagnetic e f fe c ts  and galvano*
15magnetic e ffe c ts  has been given by Sondheimer and W ilson. For a s in g le  
energy band the <jjg tensor element is  given by
a 12 = <*■*> 3 /2  *  /  2  m  
3 *  4) J  J 2+ (m */h T ) 2 V  E
where ^  is  the e q u ilib r iu m  d is t r ib u t io n  fu n c tio n  o f the charge c a r r ie rs ,
E is  the energy, o f the c a r r ie rs  o f e f fe c t iv e  mass m*, e is  the magnitude 
o f  the e le c tro n ic  charge,, h is  P lank 's  constan t, and T  is  the  e f fe c t iv e  
re la x a tio n  tim e. The q u a n tity  </ is  given by
05)
where c is  the v e lo c ity  o f l ig h t  and H is  the e x te rn a l magnetic f ie ld .  For 
a Fermi d is t r ib u t io n  o f c a r r ie rs  the in te g ra l is  eva luated to  a good 
approxim ation by the expression
f f12 = + e c n ( I 6)
where n is  the number o f c a r r ie rs  per u n it  volume and is  found from
" “ (3 ^ 3  07 )
Where $  is  the Fermi energy.
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Press, 1958), pp. 193
and Is c a lle d  the "s a tu ra tio n  f i e l d " . ^  The sign o f O jg in  Eq. (16) is  
p o s it iv e  fo r  holes and negative fo r  e le c tro n s . For severa l bands Eq. ( l 6 ) 
becomes
®12 - S + «<=", h2-Th5T (19)
An analogous trea tm ent gives values fo r  f f j j ,  e 'j'j, and e1^ :
Hr
ffl l  ■ s  ecn i H p n iS f .  (20)
which is  p o s it iv e  fo r  both e le c tro n s  and holes:
e',', = E +  A 2 c T  V Hi (21 )
11 —  i f T W
which is  negative fo r  holes and p o s it iv e  fo r  e le c tro n s ; and 
ii m- '•'^2 i.2 „  _ n. H
e12 — k c ^  —L . , I, (22)
2 3 , + Hy V }
which is negative fo r  both holes and e le c tro n s . In a l l  th a t fo llo w s  the
upper s ign w i l l  re fe r  to  ho les , the lower s ign  to  e le c tro n s .
«
I t  must be po in ted  out th a t in  the d e r iv a tio n  o f the above equations 
(19) through (22) ,  i t  was assumed th a t the re  e x is ts  a u n ive rsa l re la x a tio n  
tim e  fo r bo th  the thermal and e le c t r ic a l  e f fe c t? /  and th a t the re la x a tio n  
tim e  is  independent o f the momentum and the energy. Furthermore, i t  must 
be assumed th a t the metal is  is o tro p ic .a n d  th a t the energy bands have 
sp h e rica l symmetry. Moreover i t  was assumed th a t T<< iS i . And, f in a l ly ,  
i t  was assumed th a t quantum e f fe c ts  could be neglected. Although i t  would
^ S y b e r t,  o p . c i t . . p .  16.
8appear th a t the s im p lif ic a t io n s ' introduced by the forego ing assumptions 
excess ive ly  r e s t r ic t  the a p p lic a tio n  o f the formulae derived ; never­
th e le ss , they can be extended to  the more complex cases such as th a t 
o f bismuth. The energy bands o f  bismuth have energy surfaces ( in  momentum 
space) which are not is o tro p ic .  However, the a n is o tro p ic  e ffe c ts  can be 
made compatible w ith  the expressions given above in  Eqs. (19) through (22)
by in trodu c ing  a "w e ig h tin g " fa c to r  o r paramenter in e a c h .^ , ^ >^  f t j r t i ie i-  
more, since the de n s ity  o f s ta te s  is  given by
Z, -  3 /2  ^  (23)
we may re w rite  Eqs. (19) through (22) as fo llo w s :
H,
° n  = » > iecni H fT T is  . .. W
f f12 S ±  ecn| Hz  + Ha (25)
e'l'j = c T Z, Ha +' ^  (26)
e"12
_ i it2k2 _ H
I 3 \ H p K H 2 . (27)
20The w eigh ting  fa c to r  in  Eq. (25) can be shown to  be equal to  u n ity .
^^1 b id . . pp. 57 f f *
18B. Abeles and S. Meiboom, "Galvanomagnetic E ffe c ts  in  B ism uth ," 
The Physica l Review. C l, (1956), 5 ^ “ 550*
^  J. W. G a lt, W. A. Yager, F. R. M e r r i t t ,  and B. B. C e lt in , 
"C yc lo tron  Absorption In  M e ta ll ic  Bismuth and i t s  A llo y s ,"  The P hysica l 
Review. CXIV, (1959), 1396-1413*
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Sybert, OR* c i t . , pp. 57 f*
Note th a t the c o e ff ic ie n ts  Eq. (2*0 through (27) depend on the f ie ld  
e ith e r  by the fu n c tio n
H (H2 + H2 f 1 (28-a )
o r by Hj (H2 + H2) " 1 (28-b )
and i t  is  easy to  see th a t more u n ifo rm ity  between the d if fe re n t  e ffe c ts
may be brought in to  evidence by the fo llo w in g  cons idera tions .
(A) The terms in  the q u a n tit ie s  HcXjj, <7jg ,  ^ €lV  anc* e12 are t *ie 
type which can be w r it te n  as
M  ■>
\  Hi H )
(£9)
w ith  A| be ing re s p e c tiv e ly :
f o r  H ffjj : Aj = a jecn . (30-a )
fo r  : Aj *  + ecn.H j (30-b)
fo r  He'j'j : A, = +  c .x 2k2 c J Z  (30- c )
3
h „ 2* 2
fo r  e'j'g : A, = -  V  K c T Zj Hj (30-d )
/  H H \  _1 '
In a p lo t o f  the fu n c tio n  Aj ^ + -jj- J  vs . log H, the fu n c tio n
^1 sech ip/- - < / . )  has a maximum ^  fo r  H = H. where log H. This
2  2 .
p rope rty  o f  the fu n c tio n  makes the sem i-lo ga rith m ic  represen ta tion  o f 
HOj i , 0 j2> He'j'j and e'j'g ve ry  va luab le  In  showing the c o n tr ib u tio n  o f the  
d if fe re n t  bands in  the tra n s p o rt e f fe c ts .
-1 l;(B) On the o th e r hand, the terms in  the q u a n tit ie s  f f j j ,  H e 'j'j,
-1 ..
O ' S T
10
(31)
w ith  p = H
and B, being re sp e c tive ly :
fo r  a 11 * Bi = a i e c h7
-1  n! 
f ° r H a l2  ’* Bi = -  ® °  H2’
2 2
fo r  p"  • B = — C r t k  C T ^ jro r  en  . u, _ L   c T J .
3 i






Each term Bj ^  1 + ^ when p lo tte d  versus p = is  represented
by a branch o f a hyperbola whose a n a ly t ic a l p ro p e rtie s  are very h e lp fu l in  
the de term ina tion  o f the d if fe r e n t  c o n tr ib u tio n s  o f the bands in  the tra ns ­
p o rt e f fe c ts .  For instance, the low f ie ld  e x tra p o la tio n  to  zero f ie ld  





= £ a .e  c —
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= S *  C | A g c T  2 ,
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H e12 =  -  £p=0







Intercept -ecz j imjHj * 55 X 10
Slope ec&m jtfj =*.-12.5

















and the slope a t th a t p o in t is ,  re sp e c tive ly :
3 ® u
7 T
= -  £ a, e c kI
0=0
(3^-a)




= £ +ae c 
0=0 Hli
Z + - i ^ 2 c T Z’
*=0
(3^-b)
( 3 ^ c )
and
0=0
_ b .it2k2 Z.E _ j  c T i
3
(3^-d)
Examples o f Eqs. (33 -b ), (33~d), (3^"b) ahd(3*f-d) a re shown in  Figs. 1 and 2 
The expression (28—b) has the in te re s t in g  p rope rty :
(35)^ H ,  (H2 + H2) -1  dH = |  .
Using th is  expression the fo llo w in g  re la tio n s  are obta ined:
o-o
f ° n dH = E ~  a je  c n{
/ '
cpo 
12 dH = Z + |  e c ~
OO 3 ,2




and f * A 2 zidH = -  Z b, —3 -  c T 7 - (36-d )
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(C) S im ila r ly ,  the terms in  the q u a n tit ie s  H f f j j ,  Hffjg, H e 'jj and 
He'jg w i l l  be o f  the type
C. (1 + - i ^ f 1 (37)
-P
w ith  ^  = H , and the C. being re s p e c tiv e ly :
O
fo r  H (Jjj : Cj = a j e c nj Hj (38-a)
fo r  H a l2  : Cj = + e c nj (38-b )
p _  2 .2
fo r  H e'j'j : Cj = + c. c T Zf Hj (38-c )
2 2
and , r  fo r  Hejg : Cj = -  bj c T Z. .■ (38-d)
The same con s id e ra tio n  as in  (B) above ap p lies  here, since the p lo t
o f each
Cj (1 + - ^ y )  * versus ^  = H
is  a branch o f an hyperbola. For example, as i l lu s t r a te d  in  Figures 3 
through 6 an e x tra p o la tio n  o f each curve t o ^ " *  0 (H~* ° °  ) y ie ld s  an
in te rc e p t w ith  the ^  = 0 a x is . Thus:
H2a . ,  I = S a. e c n. H. (39-a)
.”2
111 f - 0  1 1 1
Hffl 2 |^ = 0  = 25 -  6 C ni (39" b)
c t z . Hi > 9 -0
2 2
and He',' I = -  XS b. c T Z, . (39-d)
|^ = 0  1 . 3 1
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I t  should be noted th a t the h ig h - f le ld  e x tra p o la tio n  under (C) above assumes 
th a t H ^H j whereas the lo w - f ie ld  e x tra p o la tio n  under (B) assumes th a t H<H| 
For w e ll-sepa ra ted  bands, an in te rm e d ia te - f ie ld  study may be h e lp fu l to  
separate the bands under the C-category from the bands under the B-category 
For example, F igure 3 i l lu s t r a te s  the use o f. th re e  successive ranges o f 
f ie ld  fo r  separa ting  the c o n tr ib u tio n  o f the low m o b il i ty  bands. I t  may be 
th a t the above approach would be handled most e f fe c t iv e ly  by dev is ing  a 
program o f an IBM de te rm ina tion  o f the parameters in  the d if fe re n t  bands.
EXPERIMENTAL APPARATUS AND PROCEDURE
The Bismuth C rys ta l used in  these experiments was the same one used 
21by Sybert in  h is  in v e s tig a tio n  and the associa ted equipment was the same 
w ith  a few exceptions which w i l l  be described below. For the.sake o f 
c la r i t y  seve ra l i l lu s t r a t io n s  from S yb e rt's  d is s e r ta t io n  are reproduced
3 (H2»n)
r w ~







£ - a. e c n{ Hj
£ + e c nj
S + c. itgk2 c T Z. H? 1 3  i i
5 is )
~ w ~ t -'=0
2 P P£ b. n -VT c T Z .  H, .
3
21S ybert, 0£. c i t .
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here: F igure 7, The C rys ta l Chamber; F igure 8 , The C rysta l Holder; and
Figure 9, The Thermometer C ir c u it .  Several m o d ifica tio n s  were made to
the c ry s ta l^  c i r c u i t r y ,  and o th e r equipment. The transverse thermometers
were removed s ince they were not needed fo r  these experim ents, and because
i t  was a ls o  suspected th a t the s o f t  so ld e r coa ting  on these thermometers
was the cause o f an apprec iab le  amount o f trapped magnetic f lu x  a t ve ry
low f ie ld s .  For th is  reason, once the therm al c o n d u c tiv ity  o f  the c ry s ta l
had been measured, the thermometer a t the lower end o f the c ry s ta l
(nearest the hea te r) was a lso  removed and o n ly  the thermometer a t the
upper end was re ta in e d . A new brass vacuum ja c k e t was in s ta lle d  (F ig . 7 )
s ince  the o ld  one was a lso  found to  be coated w ith  s o f t  so lde r near the
c ry s ta l.  This coa ting  o f so ld e r was probably the p r in c ip a l source o f 
• *
trapped f lu x .  A t any ra te , when a l l  the above m o d ifica tio n s  were made, 
no fu r th e r  d i f f i c u l t i e s  were experienced a t low f ie ld .
The p la c in g  o f the leads on the c ry s ta l was a lte re d  to  some e x te n t. 
The d is tance  between the lo n g itu d in a l leads was shortened from I 7 .O mm 
to  9*7 mm. The transverse  probe d is tance  was unchanged (6 .9  mm). The 
lo n g itu d in a l and transverse  probes were spot-welded to  the c ry s ta l.  The 
thermometers were soldered to  the c ry s ta l,  th e ir  separation being 16.42 
mm. The c ro s s -s e c tio n  o f the c ry s ta l was 2 .5  X 6 .9  mm.
THE THERMAL CONDUCTIVITY
A g rea t deal o f d i f f i c u l t y  was experienced in  ob ta in in g  co n s is te n t 
re s u lts  in  de te rm ina tion  o f the thermal c o n d u c t iv ity  from 2 .1 °  K to  
4 .5 °  K. One o f the c h ie f  problems encountered was the fa c t th a t the 
helium  f la s k  used was too sm all to  hold a s u f f ic ie n t  supply o f  l iq u id  
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a sm all range o f tem peratures. Data in  the range o f k . 0 - ^ 5 °  K, fo r  
example/ requ ired  two tra n s fe rs  o f  l iq u id  helium w ith  a to ta l  ope ra ting  
tim e o f o n ly  about 3 hours. Furthermore, the la s t  15 minutes o r g o  o f 
each tra n s fe r  gave e r r a t ic  re s u lts .  A la rg e r f la s k  was f in a l ly  sub­
s t i tu te d  and th is  pe rm itted  the measurements in  the remainder o f the 
range 2°  -  k °  a t  g rea te r le is u re .
The procedure in  measuring the therm al c o n d u c t iv ity  was f i r s t  to
c a lib ra te  the thermometers over the tem perature range fo r  which the
thermal c o n d u c t iv ity  was des ired . The thermometers were m od ified  1/10 -
22w a tt. A lle n -B ra d le y  carbon re s is to rs . A cu rre n t o f approxim ate ly 8pa
was ap p lied  to  the thermometers and the vo ltage  across the re s is to rs  a t
va rious temperatures was read on a K-2 po ten tiom eter (See F ig . 9 ) . The
teitiperature o f the bath was c o n tro lle d  by a d ju s tin g  the pumping ra te  o f a
23Kinney vacuum pump. At each tem perature a t  which the vo ltage  across 
the upper and lower thermometers was read, the d iffe re n c e  in  vo ltage  be­
tween the two thermometers was ap p lie d  to  the Rubicon m ic ro v o lt p o te n t i­
ometer (Model 2768, M inneapolis-Honeywell Reg. Co., P h ila d e lp h ia ), 
a m p lif ie d  by a L is ton-Becker dc breaker a m p lif ie r  (L is ton-B ecker Instrum ent 
Co., In c . ,  Stamford, Conn.), then through a vo lta g e  d iv id e r ,  and in to  a 
Brown recorder (M inneapolis-Honeywell Co., M inneapolis , M inn .). This 
d iffe re n c e  vo ltage  was recorded as c£q (T ), and a p lo t  o f <£q (T) vs. T was 
la te r  made fo r  the e n t ire  temperature range. A fte r  the thermometers were
c a lib ra te d  fo r  the e n t ire  range, the temperature o f the bath was lowered 
to  a f ix e d  value and the tem perature o f  the c ry s ta l was ad justed to  
va rio us  values in  the c a lib ra te d  range by c o n tro l l in g  the cu rre n t app lied  
to  the heater on the c ry s ta l.  A t each value o f heat c u rre n t, the vo ltage  
across a t le a s t one o f the thermometers was recorded, in  o rder to  d e te r­
mine the tem perature o f the c ry s ta l.  The di ffe rence  in  vo ltage  (51 across 
the two thermometers was a lso  recorded through the dc a m p lif ie r  and Brown 
recorder. A p lo t  was made o f the vo lta ge  Vc o f one o f the thermometers
versus T and a p lo t  a ls o  was made o f the slope ^  ¥c o f th is  curve versus
A T
T* The product (£ ' -  S ) 1 a t  a g iven temperature and heat cu rre n t
°  AVC/AT
gave im m ediately the d iffe re n c e  in  temperature A  T between the two thermo­
meter con tacts  to  the c ry s ta l.  The value o f the thermal c o n d u c t iv ity  was 
then ca lcu la te d  from the re la t io n
A = £ m
2where w is  the heat c u rre n t d e n s ity  through the c ry s ta l in  watts/cm  and G
°Kis  the temperature g rad ie n t in  —  . This method o f f in d in g ^  T due to
heat c u rre n t through the c ry s ta l was q u ite  p re c is e , p e rm itt in g  an e s tim a tio n
to  a t  le a s t 1/100 m illid e g re e . The v a r ia t io n  o f A T  ' n the range 2 .1 °  to
4 .4 5 ° was from 4.337 to  12.62  m ill id e g re e s , w h ile  the inp u t power to  the
c ry s ta l was v a rie d  from 2 . I 7O to  19*42 m il l iw a t ts .  As seen from Figure 10
the de te rm ina tion  o f A In  the present work is  i ’n reasonably good agreement
24w ith  S ybe rt's  data taken p re v io u s ly  w ith  the same c ry s ta l In the range 
2 .1 °  to  3 .7 °  K. However, the re s u lts  o f Sybert in d ic a te  a peak in  the A 
versus tem perature curve in  the v ic in i t y  o f 3 * 75°  K, whereas data from the
+ SYBERT 







present work in d ica te s  a peak a t approxim ate ly 4 .0 °  K.
THE MAGNETS
The in te rm ed ia te  and h igh  f ie ld  magnets were the same as those used
o f Helmholtz c o ils  was used in  th is  in v e s tig a tio n  having a range 0 -  200 
gauss. This pe rm itted  a reg ion  o f overlap between the low and medium 
f ie ld  magnets, and was a he lp  in  the f i t t i n g  o f the data o f the two ranges.
THE GALVANOMAGNETIC EFFECTS
The c o e f f ic ie n ts  p j j  and p^  were measured w ith  the low and in te r ­
mediate f ie ld  magnets a t 2 .1 °  K and 4 .2 °  K, w h ile  a t high f ie ld  the 
measurements were made a t 2 . 66°  K and 3*5° K as w e ll as a t 2 .1 °  K and 
4 .2 °  K. This data is  recorded in  Tables I and I I ,  and the c o e ff ic ie n ts  
cTjj and <Jj2 o f  the isotherm al e le c t r ic  c o n d u c t iv ity  tensor were then 
ca lcu la te d  from the 13” b re la t io n s :
The num erical values o f or^ and cfj2 are recorded in  Table I I I  and graphs 
o f O jj  vs H and <Jj2 vs H are p lo tte d  in  Figures 16 , 17 and 18.
I t  should be po in ted o u t th a t the low and in te rm ed ia te  f ie ld  values 
o f O jj and a 12 recorded in  Table M l a t 2 . 66°  and a t 3 .5 °  are not experi 
mental po in ts  but were in te rp o la te d  from the data taken a t  2 . 1°  and a t
25by Sybert in  h is  in v e s tig a tio n . The Helmholtz c o i ls  which Sybert used 

































































































































4 .2 ° . In  the case o f a ^ ,  values from 2 .1 °  to  4 .2 °  change by about 6° /o  
a t  most. The values have a g re a te r va riance , up to  20 °/o  e s p e c ia lly  
in  the reg ion from 0 to  50 gauss. Nevertheless an in te rp o la t io n  was con­
s idered ju s t i f ia b le ,  and i t  is  f e l t  th a t the in te rp o la te d  values are c o rre c t 
w ith in  a few percent.
The method o f  in te rp o la t io n  is  de rived  from the fa c t  th a t a t low 
temperatures a (s tand ing  fo r  o r a jg ) e x h ib its  a p a ra b o lic  dependence 
on T. Thus:
a = aQ -  aT2 (43)
where a is  the c o n d u c t iv ity  a t T=0. o
We can th e re fo re  w r ite
a (2 . 1° )  = ao " 3 (2 ,1 * 2
and a (4 .2° )  = ffo ’  a ^ * 2) 2
so th a t f f (2>1o) = a {k .2 ° ) + a -  (2 . 1 ) 9  •
Since &  a = * 0 -  = g f c . l ° )  "  g (4 .2 °)
3
we have A  o = |  £ (4 .2 ) 2 -  (2. 1)91 •
Hence a =
(4 .2 )2 -  (2 . 1)2 
3(2 . l j 2and a(T) = a ---------- ^ -------   f a *
0 (4 .2 ) -  (2 . 1 )2
where t  is  the "reduced tem perature": t  =
Thus o(T) = cro -  A o  t 2.
Now dro -  t 2A o = aQ -  p a  + ( t 2 -  l ) A < j ]










































S e ttin g  a
o
o
Hence o(T) = ^ (g . jo )  "  ( t 2 -  1) cr .
THE THERMOMAGNET1C EFFECTS
The c o e ff ic ie n ts  e | j  and o f the th e rm o e le c tr ic  tensor were
measured from zero to  18 k ilogauss a t the temperatures 2 . 1° ,  2 .66°, 3 *5°
and 4 .2 ° . Numerical values o f these c o e ff ic ie n ts  are recorded in  Table
IV, and curves o f- .e jj vs. H and e jg  vs. H afe shown p lo tte d  in  Figures
19 and 20. The experim enta l techniques invo lved in  these measurements
26were the same as those used by Sybert.
In the experim ents, gradual changes in  the  pressure on the  helium  
surrounding the apparatus re su lte d  in  a temperature d r i f t  in  the bath 
i t s e l f  and th e re fo re  a change in  the temperature o f the c ry s ta l.  Since 
the c o e f f ic ie n ts  e j j  and e jg  depend s tro n g ly  on the tem perature, frequen t 
co rre c tio n s  had to  be made to  the recorded data in  order to  reduce the 
c o e ff ic ie n ts  to  th e ir  proper values a t the temperatures in v e s tig a te d .
The c o rre c tio n  fa c to r  app lied  to  the c o e f f ic ie n ts  may be derived  in  the 
fo llo w in g  manner. From Eq. (13- a) we have
e" =
For sm all changes in  tem perature, 6  is  a constant to  a f i r s t  approxim ation ;
^ I b l d . ,  p. 38 .
42
whereas, we see from Eqs. (21) and (22) th a t e'j'j and e'jg are d i r e c t ly  
p ro p o rtio n a l to  the abso lu te  tem perature. The thermal c o n d u c t iv ity  A a lso  
va rie s  w ith  temperature as shown in  F igure 10.
Thus we can w r ite
<*T  = p A  e' (45)
where and 0 are constants and e‘ stands fo r  e j j  and e|g.
Taking the d i f f e r e n t ia l  o f both sides o f Eq. (45) we have
T = 0 (e ‘ dA + Ad e ') .
This can be reduced to
d e1 _ d_T ■ dA 
e' T "  A
or d e1 _ d_T f l  -  T d A 1  (46)
e' T L  A d T J  *
In o rder to  app ly  the temperature c o rre c tio n  to  the experim enta l values o f 
e ',  the expression 1 -  ^  -j was eva luated fo r  each o f the fo u r tem­
peratu res in  question : 2 .1 ° , 2 . 66° ,  3 ‘ 5°> and 4 .2 °  K. The product o f
th is  expression and the expression gave im mediately the percentage
c o rre c tio n  to  be ap p lie d  to  the experim enta l va lues.
CONCLUDING REMARKS
I t  was f e l t  th a t the c ry s ta l was o rie n te d  in  the magnets such th a t the 
f ie ld  d ire c t io n  was w ith in  2° o f the t r ig o n a l a x is  o f the c ry s ta l.  How­
ever, on one occasion the f ie ld  was d e lib e ra te ly  m isaligned by known amounts 
in  o rder to  study the re s u lt in g  e f fe c ts  on the c o e ff ic ie n ts  p j j  and pgj .
This data is  recorded in  Table V II in  which the values o f  p ^  and fo r  
eA = 0°  are compared w ith  analogous values taken a t <A-= 6 .5 °  and o ^ -= 14°. 
H e r e ^  is  the angle between the f ie ld  d ire c t io n  and the tr ig o n a l a x is  o f 
the c r y s ta l.
One th in g  th a t caused serious concern is  the fa c t th a t the values o f 
the c o e ff ic ie n ts  obta ined in  the  present work do not agree w e ll w ith  those 
o f  Sybert. For ins tance, the values o f p j j  and a t 2 .1 ° K are as much 
as 25%> h igher than those o f Sybert. The values o f the o ther c o e f f ic ie n ts  
are a lso , in  genera l, s u b s ta n t ia lly  g re a te r. As noted above, the d is tance  
between the lo n g itu d in a l probes was cons ide rab ly  shortened, and th is  q u ite  
l ik e ly  could have a ffe c te d  the readings taken because o f  the s ize  e f fe c t  
o f the c ry s ta l.  Fu rthe r experiments would have to  be made, however, to  
determ ine q u a n t ita t iv e ly  the e f fe c t  o f p o s it io n in g  o f the probes.
TABLE I 2 .1 °  K 
LOW FIELD MAGNET
H ^11 ^11 Pgl ” ^21
GAUSS X 107 OHM-CM. X IQ7 OHM-CM. X IQ7 OHM-CM. X IQ7 OHM-CM.
0 28.49 28.70 , + 0.8425 1 0 
: 
• a> -p-
3-58 29.33 29-50 - 1.45 -  2.89
7 .16 31.62 31^62 -  3.37 -  5-26
10.74 . 3^-52 3^-53 -  5.87 -  7-98
14.32 38.38 37-7^ -  8.68 -  10.69
17.,90 42.05 41.90 -  11.24 -  14.09
21.48 46.59 45.95 -  14.64 -  17.48
25.06 51.01 49.61 -  19-41 -  20.71
28.64 55-52 54.48 -  22.81 - :2 5 * 12
32.22 60.00 58-37 - 26.56 -  28.86
35-80. 64 .7 7 62.62 -  30.47 -.33^10
42.96 73.87 71.01 -  38.99 -  41. 93
50.12 83.52 79-89 . -  48.01 -  51. .25
57-28 93-18 88.89 -  57-20 -  60.09
64.44 103.3 98.13 -  66.40 -  69.17
71.60 113.3 106.3 -  75-59 - . 78.76
78.76 123.4 115.9 -  83-59 -  87.25
85.92 13^.0 125-7 - 92.45 -  96.86
100.24 157-2 1^7*3 - 111.2 -115.5
114.56 182.1 170.1 -129.1 -134.0
128.88 208.7 194.7 -146.0 -152.3
143.20 237.1 219.5 -163.7 -169.3
*5
TABLE I 2 .1 °  K (CONTINUED)
H
GAUSS
P l l  <H>'
X 107 OHM-CM.




“ P2 i  (“ H)
X 107 OHM-CM.
157-52 267.7 248.3 - I 8O.3 - I 87.8
171.84 297-2 279-9 - 198.0 - 205. 1
186.16 331-7 312.5 -214.7 - 223. 0 '
INTERMEDIATE FIELD MAGNET
H P ll  0 0 P l l  (“ H) P2 i  W -P2 1 (” H)
GAUSS X 105 OHM-CM. X 105 OHM-CM. X 105 OHM-CM. X 105 OHM-CM.
30 O.6336 . 0.546 . -  O.3OI7 -  0.2931
47.4 0.8382 O.7O6 -  0.466 - O.4569
64.8 0.936
74.8 1.111 -  O.709 -  0.7327
99 -6 1.443
109.6 1.688 -  1.140 - 1.265
144.4 2.339 . -  1.593 -  1.741
158.3 2.495
179-2 3.236 -  2.045 - 2.230
214.0 4 .172 3.938 - 2.498 -  2.702
248.8 5-264 4.948 -  2.909
283.6 6 .5 7 6.199 - 3.319 -  3-595
318.4 7-89 - 3.711 - 3.97^
353-2 9.44 8.987 -  4.090 -  4 .407








p2 i  (H)
X 105  OHM-CM.
"P g l ("H)
X 105 OHM-CM.
388.0 11.03 IO.56 -  4.418 -  4.-784
422.8 12.75 -  4.724 -  5-157
440.2 13.32
457.6 14.70 14.27 -  5 . 02I -  5-474
492.4 16.38 -  5-291 -  5-793
509.8 I 7.96
• 527.2 -  5.528 -  6.066
562.0 21.52 21.09 -  5.754 -  6.314
596.8 24.10 23-59 -  5.926 -  6.540
631.6 26.66 26.18 -  6 .034 -  6 .702
666.4 29.43 28.89 - 6.120 -  6.840
701.2 32.44 31.89 -  6.153 -  6.950
736.0 -  6.153. -  7.008
770.8 38.43 38.05 -  6.099 -  7-015
805.6 41.71 41.41 -  5-991 -  6.976
840.4 44.68 -  5.840 - 6.885
875.2 48.58 48 .27 -  5.646 -  6*758
910.0 52.32 51 .86 -  5.409 -  6.584
944.8 - 6.370
. 979.6 -  6.077
997-0 61.49 61.25 -  4 .547
TABLE I 2 .1 °  K (CONTINUED)
H
GAUSS
P n  (»)
X 105 OHM-CM.






1049 -  5.403
1084 71.55 71-35 -  3.383 -  4 . 96 I
1171 81.96 81.96 -  1.918 -  3.685
1258 93*19 93-3^ + 0.431 -  2.002
1345 104.5 105.0 2 .133 -  O.O65
1432 . 116.6 117.4 4 . 67O + 2.349
.1519 128.9 129.9 7.521 M 3 5
I 606 141.4 142.8 IO.67 7*97^
1693 154.6 13.90 11.36
I 77O 165.4 167.4 17.12
1855 178.7 20.28
I 872 184.5 19.08
1935 192.4 195*0 25.39 22.36
2015 205.8 209.1 29i:99 26.97
2095 219.7 223.6 34.70 31. 7 1 ,
2170 233.2 237-8 39.57 36.62
2245 246.8 252.0 44.65 41.65
2320 260.8 266.8 50.21 47.21
2395 274.6 281.0 55-^7 52 . 71 ,
1 ^ 5 287.8 295-1 60.99 58.36
2540 _  3OO.7 65 .66 63.83
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TABLE I 2 .1 °  K (CONTINUED) 
HIGH FIELD MAGNET
H Pn  (H) Pn  (-H ) P21 (H) -p 21 (-H )
GAUSS X 10** OHM-CM. X 10** OHM-CM. X 10** OHM-CM. X 10** OHM-CM.
1415.0 11.38 I I .76 0.3865 O.IO74
1765.0 16.79 I 7 . l l 1.653 1.288
2119-0 22.47 23.07 3-522 3-393
2473.0 29.16 30.11 6.270 6.120
2827.0 36 .12 37-39 9.190 9.362
3181.0 43 .21 45.36 12.71 13.21
3535.0 50.69 53.03 16.68 17.72
3889.0 58.41 61.41 21.24 22.44
4243.0 66.88 70.24 25-90 27.70
4331.5 69.15 72.42 27.42 29.46
4420.0 70.55 73.89 28.26 30.71
4508.5 72.31 75-91 29.42 31.57
4597-0 74.74 79.24 31*14 33-43
4685.5 77.06 81.44 32.79 35-75
4774.0 77-91 82.40 33.54 36.35
4862.5 80.74 84.69 34.94 37-90
4951.0 83.30 88.49 37-13 40.05
5039-5 85.06 90.11 38.42 42.19
5128.0 85.95 91.10 39.06 42.62
*5216.5 87.99 93.52 40.30 43.74
5305.Q 91.03 97.14 42.62 46.53
* 8 S ,
v.. w  - r  ■.;




p n  (h) P 






X lo '* OHH-CH*
5393-5 93.69 100.6 44.75 49.67
5482.0 . 94.59 101.3 45.59 50.42
5570.5 95.68 102.4 46.04 50.53
5659 .O 98.12 105.1 47.43 51.84
57^7.5 101.2 109.6 49.65 54.97
5836.O 103.6 112.8 52.33 58.28
9924.5 105.2 114.1 53.53 60.38
6013.0 105.7 114.2 53.92 60.55
6101.5 106.9 114.8 54.03 60.40
6190.0 108.9 I I 7 .3 55.29 61.03
6278.5 112.7 122.2 58.26 65.06
6367.0 116.1 127.2 61.20 69.36
6455*5 I I 7 .8 129.7 63.50 72.58
6544.0 118.4 130.3 64.20 73.80
6632.5 118.8 129.9 64.10 73.31
6721.0 119.7 129.9 64.05 72.15
6809.5 121.7 132.4 65.32 72.86
6898.0 125.3 136.9 67.73 75.95
6986.5 129.1 143.8 71.23 81.02
7075.0 132.0 147.9 74.23 86.00
7164.4 133.3 149.8 76.53 89.65
7253*8 134.0 150.1 77.50 90.68




X 10** OHM-CM. X
P11 ^ H) 
10^ OHM-CM
P21 (H)
. X 10** OHM-CM.
- p2 i  (“ H)
X 10^ OHM-CM.
73^3.1 134.4 149.1 77.35 90.08
7*62.5 134.7 148.0 76.77 88.21
7521.9 135.6 148.3 76.49 87.03
76 I I .3 138.0 150.9 77.37 87.40
77OO. 6 143.1 155.9 79.75 90.94
7790.0 146.6 162.3 83.53 97*92
7966.3 151.6 172.6 90.70 IO7 .7
8142.5 153.3 174.7 93 . 7 I 111.9
8318.8 153.9 I 72.O 92.74 109.0
8495*0 155.7 171.1 91.38 104.9
8670.0 161.3 177-2 93.84 IO7 .2
8845.0 169.1 191.4 104.8 119.4
9020.0 1 7 3 9 203.1 110.1 134.1
9195.O 175.3 207.0 114.4 140.9
9368.8 176.4 206.4 115.5 140.6
9542-5 177.5 203.2 113.5 135.6
9716.3 179.2 200.9 111.2 130.7
9890.0 I 8 3 .1 203.5 111.2 129.3
IOO65.O 190.9 215.4 116.9 136.6
10240;0 198.2 229.5 I 25.5 151.3
10415.0 2OI.5 242.0 134.6 168.3
10590.0 201.8 248.4 142.5 I 79.9
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X I0k  OHM-CM.
P l l  (-H)
X 102* OHM-CM.
; 2 i  W  ’ 
X 10k  OHM-CM.
-p 2 i  (-1
X 10 OHI
10930.0 204.9 249.7 144.0 183.8
11280.0 209.5 243.1 140.3 171.8
11442.5 165.5
I I 605.O 2 I 7 .2 242.9 136.4 162.0
I I 767.5 164.3
11930.0 229.7 261.6 145.3 174.2
12082.5 189.2
12235.0 237*7 290.6 161.8 . 207.6
12385.0 223.9
12535.0 . 236.3 306.0 174.8 235.2
12680.0 244.4
12825.0 237*7 311*2 178.6 245.0
12957*5 245.6
13090*0 242.2 310.6 182.8 244.4
13220.0 241.4
I 3350.O 247.7 307.7 181.8 237*7
13^ 0 .0 232.7
I 36 IO.O 252.6 302.9 178.7 227.0
13860.0 257*6 299.3 170.5 216.0
1*1100.0 263.4 299.2 172.3 208.5
11*330.0 270.5 305.8 173.9 208.7
14555.0 279.2 321.2 181.1 219.9
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X I0k  OHM-CH. X





X 10^  OHM-CM
14985.0 290.2 366.5 205.0 272.4
15370.0 282.3 392.0 222.2 318.3
15725.0 280.6 398.2 230.9 334.8
16040.0 284.5 401.3 235.8 340.5
I 632O.O 291.0 404.4 238.3 342.0
I656O.O 298.4 403.7 238.9 339.6
I 678O.O 304.6 403.8 238.5 333.7
16980.0 310.3 400.7 237*1 328.0
17155.0 314.9 397*1 235*5 317*3
17320.0 318.6 392.9 233*0 308.2
17470.0 322.9 389.2 230.2 298.9
I 76 I5 .O 327.0 386.7 228.2 290.3
I 776O.O 330.9 385.5 226.1 283.6
TABLE 11
LOW FIELD MAGNET
H P j j  X 10T ohm -cm . p . .  X 10^ ohm -cm .
GAUSS ~ 2 .1 °  2 . 66°  3 .5 °  4 .2 °  2 .1 °  27(55**'"' ' 3~.5°" ' C 2°~
0 28.59 29-97 0 0
3.58 29.41 30.71 2.10 -  1.893
7 .16 31.62 32.64 4.26 -  3.810
10.74 34.52 35-64 6.94 -  6.170
14.32 38.06 38.98 9.79 -  8.830
17.90 41.97 42.43 12.82 - 11.66
21.48 46.27 46.58 16.08 - 15.01
25.06 50.31 50.49 19.52 - I 8 .36
28.64 55 .OO 54.94 23.96 -22.14
32.22 59.18 59-46 27.71 -25-84
35-80 63.69 63.89 31.78 - 30.02
42.96 72.44 72.99 40.46 -38.05
TABLE I I  (CONTINUED)
P j j  X 107 ohm-cm. p^  X 10^ ohm-cm. >.
GAUSS 2 . 1° "■ "2 .660  " U) Oi 0 4 .2 * 2 . 'l '°  "  2 .65* 3 -5 ° 4 .2 °
50.12 •8 I . 7O 82.11 49.63 -  46.90
57-28 391ZQ3 9 1 - ^ 58.64 -  55 .^2
64. 44 IOO.73 101.01 67.78 -  64.37
71.60 109.81 110.06 77-17 -  73*25
78.76 119.62 120.21 85-42 -  81.91
85-92 129.85 130.58 94.65 -  91.24
100. 2k 152.20 152.84 113-33 -109.35
114.56 176.13 I 76. 8O 131.52 -127.49
128.88 201.68 202.17 149-17 - 145.50
143.20 228.27 228.53 166.51 - 162.30
157-52 258.01 257*^9 184.05 -179.59
171.84 288.54 288.82 201.56 -197.55
186.16 322.09 321.50 218.82 - 215.00
TABLE I I  (CONTINUED)
INTERMEDIATE FIELD MAGNET
H Pn  X l(P  ohm-cm. pg l X 10^ ohm-cm.
GAUSS 2 .16 2.66d 3 .5 °  4 .2 °  2 .1 °  2.6b6 3 .5 °  ' * f.2 °
30 O.583 0.5664 - 0.311 -0.2548
47-4 0.772 -0 .462
74.8 1.097 -O .72 I
109.6 I .674 - 1.203
144.4 2.273 - I .667
160.5 2.689 -1 .950
179.2 3-136 - 2.138
204.0 3.696 v -2 .444
214.0 4.055 - 2.600
1
248.8 5.106 -3 .025
283.6 6.385 -3 .457
301.0 6.947 -3.449
TABLE I I  (CONTINUED)
i
H P j j  X 105 ohm-cm. p2 l  X 10^  ohm-cm.
GAUSS 2 .1 °  2.666 3 .5 °  4 .2 °  2 .1 °  21.56° 3 .5 °  5.’ 2°"
318.4 7-74 -3-843
353.2 9.213 -4.249




492.4 16.50 -5 .542
527.2 i8 .9 5 -5-797
562.0 21.31 20.38 - 6.034
596.8 . 23-85 -6.233
631.6 26.42 - 6.368
649 26.24
666.4 29* 16 -6 .480






TABLE I I  (CONTINUED)
^ P j j  X 1(P ohm-cm. Pgj X 10^ ohm-cm.
BAUSS 2 . 16 2 . 666 3 .5 °  4 .2 °  2 .1 °  2 . 66°  3 .5 6 4.2**
736.0 33-41 - 6 . 58 I -6.461
770.8 38.24 - 6 .557






875.2 48.43 - 6.202
910.0 52.09 49.10 -5-997 -6 .064
997-0 61.37 -5 .25 -5 .434
1084 71.45 66.91 - 4 . I 72 -4.559
I I 7 I 81.96 -2 .802
1258 93.27 87.91 -0 .979 -1 .724
1345 104.8 +1.034
1432 117.0 109.1 3.510 +2.376
1519 129.4 6.228
TABLE I I  (CONTINUED)
P j j  X 105 ohm-cm. P21 X 10^ ohm-cm.
GAUSS 2 .1 ° 2 . 666 3 -5 ° 4 .2 ° 2 .1 ° 2 .66° 3 .5 ° 4 .2 °
.1596 7.921
1606 142.1 9.322
1693 1 15^.2 12.63
1770 166.4 157-1 15.75 14.55
1855 -
1935 193.7 182.0 23-88 22.11
2015 207.5 28.48
2095 221.7 208.5 33 . 2 I 31.13
2170 235.5 38.10
2245 249-4 235.6 43.15 40.38
2320 263. 8 . 48.71
2395 277.8 . 262.7 54.09 51.28
2465 291.5 59-68
»
2540 289.8 64.75 62.35
ITABLE I I  (CONTINUED)
HIGH FIELD MAGNET
H p u  X 103 ohm-cm. p21 X 103 ohm-cm.
GAUSS 2 . 1° 2 . 66° 3 .5 ° 4 .2 ° 2 . l d 2 . 66° 3 -5 ° 4 .g
1415 1.158 1.140 1.121 1.127 0.0258 0.0319 O.O37O 0.0189
1765 1.695 1.681 1.681 1.657 0.1482 0.1809 O .I798 0.1397
2119 2.277 2.283 2.272 2.247 0.3457 0.3619 O.365O 0.3146
2473 2.963 2.976 2.942 2.903 0.6206 0.6174 0.6242 O.5788
2827 3.676 3.700 3.653 3.611 O.9276 0.9261 0.9416 0.8934
3181 4.429 4.454 4.409 4.360 1.297 1.330 1.317 1.251
3535 5-187 5.215 5-177 5.092 1.720 1.729 1.719 1.642
3889 5.992 6.014 5.963 5.870 2.184 2.203 2 .179 2.091
4243 6.856 6.861 6.804 6.679 2 .680 2.703 2.655 2.594
4331-5 7 .O79 7-083 7.020 6.880 2.845 2.836 2.793 2.731
4420 7-223 7-253 7 .178 7-113 2.948 2.964 2.935 2.844
4508.5 7.411 7.458 7-392 7.356 3-049 3.081 3.078 2.980
TABLE I I  (CONTINUED)
H P n  x 103 ohm-cm. p21 x 103 ohm-cm.
GAUSS 2 . 1^ 2 . 66° 3 .5 * 4 .2 ° 2 . 16 2 . 66° 3 -5 ° 4 .2 °
*♦597 7 . 7OO 7-689 7-595 7-549 3.230 3-230 3-211 3-112
4685-5 7-926 7-912 7-829 7-773 3-427 3.390 3-359 3.274
4774 8.016 8 .087 8.047 7-977 3.496 3-518 3.507 3-402
4862.5 8.272 8.333 8.257 8.175 3-642 3.656 3.655 3-557
4951 8.590 8.568 8.472 8.393 3.859 3.837 3-792 3.691
5039.5 8.760 8.776 8.675 8.-606 4.030 3-986 3.951 3.840
5128 8.853 . 8.927 8.878 8.800 4.084 4.108 4.089 3.976
5216.5 9.076 9.177 9.093 9.038 4.202 4.226 4.242 4 .161
5305 9.409 9.450 • 9.326 9-251 4.458 4.428 4.406 4.301
5393.5 9.714 9.696 9.559 9.485 4.722 4.630 4.591 4.448
5482 9.797 9.840 9.785 9 . 7OO 4.801 4.779 4.745 4.626
5570.5 9.905 10.02 9-984 9.887 4.829 4.854 4.898 4.784
5659.0 10.16 10.23 10.19 10.10 4.965 4.992 5.030 4.916




2 ^ 5 * "
ohm-cm.
3 -5 ° 2 . 1°
21 X 10-
2 ^ 5 ° "
ohm-cm.




















11.66 11.56 6 .167






5 .226 5.221 5-077








6.780 6 .702 6.541
6.834 6.829 6.709
6.871  ’ 6.935 6.845
6.983 7.104 7.030
TABLE I I  (CONTINUED)
H pu x 103 ohm-cm. P21 X 103 ohm-cm.
GAUSS 2 . 1° 2 .66^ 3*56 4 .2 ° 2 . 1° ' 2 . 66° 3 .5 * 4 .2 d
6898 I3 . l l 13.26 13*14 13*02 7*185 7.227 7*284 7,181
6986.5 13*64 13*67 13*43 13.28 7 .612 7.547 7-532 7.391
7075 13*99 13*92 13.70 13*50 8.012 7 .882 7-755 7-577
7164.4 14.15 14.09 13*93 13.71 8.310 8.111 7.950 7*779
7253*8 14.20 14.20 14.06 13.96 8.409 8.239 8.093 7.917
7343*1 14.17 14.24 14.22 14.09 8.372 8.281 8.220 8.051
7432.5 14.14 14.30 14-35 14.27 8.250 8.276 8.305 8 . I 83
7521.9 14.20 14.45 14.53 14.46 8.177 8.292 8.389 8.408
7611.3 14.44 14.68 14*77 14.63 8.239 8.388 8.553 8.554
77OO.6 14.95 15*09 15.06 14.92 8.536 8.649 8 . 78 I 8.754
7790 15*44 15*48 15*34 15.18 9 .O72 9.083 9.060 8.945
7966.3 16.21 16.08 15*83 15.63 9-921 9-748 9.557 9.356
8142.5 16.40. 16.38 16.21 16.04 10.28 10.12 9.928 9.737
TABLE I I  (CONTINUED)
H P l l  X 103 ohm-cm. P2 1 X lo3 ohm-cm.
GAUSS 2 . 1° 2 . 66° 3,5® 4 .2 s 2 . 1° 2 . 66° 3 -5° 4 .2 °
8318.8 16.29 16.43 16.43 16.35 10.09 10.11 IO.O7 9.978
8495-0 16.34 16.59 16.71 16.68 9.815 10.06 10.20 10.20
8670.0 16.93 17.12 17. 19 17.13 10.05 10.32 10.52 10.52
8845.0 18.02 17-99 17.83 I 7.65 . 11.06 11.08 11.09 10.97
9020.0 18.85 I 8.69 18.40 18.15 12.21 12.02 11.75 11.49
9195-0 19.11 19-05 18.78 18.55 12.77 12.56 12.19 11.91
9368.8 19.14 19-17 19-02 18.86 12.81 12.68 12.40 12.21
95^2.5 19.04 19-21 19.21 19.12 12.46 12.54 12.47 12.38
9716.3 19.01 19.30 19-44 ' l9 .4 l 12.10 12.34 12.51 12.52
9890.0 19-33 19.70 19.85 19.81 12.03 12.40 12.72 12.75
10065 20.32 20.48 20.50 20.34 12.67 12.89 13.18 13.19
10240 21.38 21.31 21.11 20.92 13.84 13*80 13-85 13.70
10415 22.18 22.08 21.72 21.41 15.15 14.92 14.58 14.30
TABLE I I  (CONTINUED)
3 o
^ P j j  X 10J ohm-cm. p^  X 10J ohm-cm..
GAUSS 2 .1 °  2 . 66°  3 -5 ° 4 .2 °  2 .1 °  2 . 66°  3 .5 °  T7& *
10590 22.51 22.47 22.15 21.86 16.12 15.68 15.26 14.85
10930 22.73 22.79 22.63 22.44 16.39 16.18 15.82 15.48
11280 22.63 22.87 22.95 22.91 15.60
>
15.68 15.73 15.67
11605 23.01 23.38 23.61 23.63 14.92 15.31 15.79 15-93
11930 24.57 24.69 24.72 24.60 15-98 16.31 16.63 I 6 . 7O
12235 26.42 26.26
j
25.90 25.63 18.47 I8 i29 18.19 17.93
12535 27.18 27.09 26.79 26.55 20.50 20.11 19.60 19.10
12825 27.45 27.49 27.27 27.02 21.18 21.02 20.45 19.93
13090 27.64 27.73 27.58 27-42 21.36 21.16 20.72 20.28
13350 27.77 27.90 27.84 27.75 20.98  • 20.88 20.64 20.36
13610 28.16 28.04 28.09 28.08 20.28 20.36 20.37 ' 20.31
13860 27*84 . 28.21 28.40 28.46 19-33 19.83 20.15 20.27
14100 27.78 28.61 28.90 28.96 19.04 19.51 20.11 20.40
14330 28.82 29.30 29-55 29.56 ' 19.13 I 9 . 7 I •20.43 2O.76
TABLE I I  (CONTINUED)
3 3
H P11 *  * ohm-cm. p^  X 10J ohm-cm.
GAUSS 2 . 16 2 .6e>^  3 -5 ° 4 .2 °  2 .1 °  2 .66° 3 .5 °  4 .2 °
14555 30.02 30.32 30.40 30.26 20.05 20.57 21.16 21.40
14985 32.83 , 32.66 32.20 31.76 23.87 23.80 23-57 23-35
15370 33.71 33.71 33-35 32.93 27.02 26.71 25.98 25-37
15725 33-95 34.09 33.96 33.60 28.29 28.11 27.41 26.82
16040 34.29 34.49 34.39 34.10 28.82 28.73 28.14 27.55
16320 34.77 34.92 34.78 34.56 29.02 28.90 28.35 27.83
16560 35.09 35-28 35.10 34.89 28.93 28.81 28.29 27.84
1678O 35-42 35-5^ 35.35 35-18 28.61 28.50 28.08 27.74
16980 35-55 35.71 35.56 35.41 28.26 28.10 27.79 27.57
17155 35.60 35-82 35-73 35.62 27.64 27.65 27.49 27.39
117320 35-57 35-89 35.90 35.85 27.06 27.18 27.20 27.21
17470 35.61 35-98 36.07 36.07 26.46 26.71 26.91 27.07
17615 35.69 36.12 36.29 36.33 25-92 . 26.29 26.66 ■ 26.96
17760 35.82 36,31 36.54 36.61 25.49 25.98 26.53 26.91
TABLE I I I
LOW FIELD MAGNET
H ffl l X 10 ^  (ohm--cm.) * CVJH
c> X 10"4 (ohm-■cm.) *
MJSS 2 . 16 2 .66^ 3-56 4 .2 ° 2 .1 ° 2.660 3 -5° 4 .2 °
0 3^-97 35-17 3^.63 33-37 0 0 0 0
3-58 33-81 33-91 33-^1 32.43 -2 .414 - 2.335 - 2.165 - 2.000
7.16 31-04 31.40 31.04 30.23 - 4 . I 85 - 4.060 -3 .790 ?3.528
10.74 27.84 28.10 27-98 27-24 - 5.601 -5.1*33 - 5 .O7O -4.717
14.32 24.67 24.82 24.86 24.37 -6.339 - 6.185 -5.853 -5.529
17-90 21.83 22.08.. . 21.69 21.95 - 6.657 - 6 . 531* - 6.270 -6.013
21.48 19-28 19-37 19.26 19-46 - 6 . 7OI - 6.666 - 6.463 - 6.266
25-06 17-15 17-22 17.35 1 7 \5 ^
\__ t
- 6.703 - 6 .684‘ - 6.520 - 6.361
28.64 15-28 15-35 15.51 15. 66/ - 6.65  ' - 6.585 -6 .446 - 6 . 3TO
32.22 13-85 14.15 -6 .48 -6 .147
35-80 12-57 12.62 12.72 12.82 - 6 .2 7 -6.223 -6 .124 -6 .024
42.96 IO.52 10-57 10.67 IO.77 - 5 .8 7 - 5.821 -5 .719 - 5.615
TABLE I I I  (CONTINUED)
H a l l
. i i
X 10 (ohm- cm.) * a 12
' -4X 10 H (ohm- \ - l  ■cm. )
GAUSS 2 . 1° 2 . 660 3-5d 4 .2 * 2 . 1* 2 . 66* _ 3 -5° '4.2*
50.12 8.94 8.99 9.086 9.182 -5 -^3 -5-394 -5.321 -5 .245
57-28 7.76 7.81 7.901 7-997 - 5 .00 -4 .970 - 4.909 -4.845
64.44 6,83 6.870 6-957 7.041 -4 .59 -4.570 -4 .527 -4 .486
71.60 6.09 6.13 6.213 6.297 -4 .28 -4.263 -4.226 -4 .190
78.76 5.53 5-681 -3 -97 -3.871
85.92 5-02 5-04 5 .094 5.146 - 3 .66 -3-649 - 3.620 -3 .596
100.24 4.22 4.24 4.284 4.328 -3*14 -3 .132 - 3 .112 -3 .096
114.56 3-64 3.66 3.689 3-721 -2 .72 -2 .712 - 2.699 - 2.683
128.88 3-20 3-21 3.235 3-259 -2 .3 7 -2 .364 -2 .357 -2.345
143.20 2.85 2.86 2.885 2.909 -2 .08 - 2 .O78 - 2 .07O - 2.066
157.52 2.56 2.57 2.593 2.613 - I .83 - 1.828 - 1.826 - 1.822
171.84 2 .32 2.33 2.343 2.359 - 1.62 -1 .619 - 1.617 - I .613
186.16 2 .12 2 .13 2 .137 2 i 149 -1 .44 -1.440 -1 .437 -1 .437
O n
TABLE I I I  (CONTINUED)
INTERMEDIATE FIELD MAGNET
H ffl l X 10"2 (ohm-■cm.) * ff12 X 10"2 (ohm-
\ “ 1 ■cm.)
aAUSS 2 .1 ° 2 .66° 3 -5 ° 4 .2 6 2 .1 ° 2.660 3-56 . h .2 ^~
30 1335 1360 1415 1468.0 -712.3 - 7O2 .5 - 681.3 - 660.6
47.4 953.8 -570.8
74.8 636.7 -418.5
IO9 .6 394.0 - 283.1  .
144.4 286.1 - 209.8
160.5 250/7 243.8 -173.0 -173-8 -175.3 - 176.8
179.2 217.6 -148.4 •
204.0 I 88.3 -118 .5 -119-7 - 122.1 -124.5
214.0 174.8 - 112.1
248.8 144.8 145.4 146.7 148.0 -  85.88 -  85.9 -  85.95 -  86.0
283.6 . 121.1 -  65.77
301.0 112.0 112.7 114.1 • 115.5 -.5 7 *2 -  57-23 -  57-28 -  57-33
TABLE I I I  (CONTINUED)
H
• 2  - 1
a j j  X 10 (ohm-cm.) a 12 X 10 ^  (ohm-cm.) *
aAUSS 2 . 1° 2 . 66°  3 .5 ° 4 .2 ° 2 . 1° 2 . 66°  3 . 5° 4 .2 °
318.4' IO3 .6 -  51.45 -
353-2 89.50 ^ 41.28
388.0 78.37 78.86  79.91 80.94 -  33.39 “  33.61 -34.07 34.52
422.8 71.78 - -  28.22
457-6 61.01 -  22.10
475* ■ 57-5 58.04 59.13 60.22 -  20.20 -  20.38 -20.75 -  21.11
492.4 54.46 -  18.29
527.2 48.25 -  14.76 ■
562.0 43.44 43.81  44.6o 45.38 -  12.30 -  12.42 -12.69 -  12.95
596.8 39*25 -  10.26
631.6 35-77 -  8 .622
649 34.00 34.41 35-24 36.06 "  7-75 -  7-919 -  8.258 -  8.597
666.4 32.68 -  7.262
701.2 29.85 -  6.079




°11  *  ^  (ohm-cm.) *
2^ " 2TT5-
a 12 X ^  (ohm-cm.) *
2 ^ 5 3 -
28.27 28.85 -4 .80736.0 27.4 27.69

















19.62 20.06 - 2.181








- 4.956 - 5 .267 -5 .579
-4 . *165 -4 .682 -4 .90
-4 .25
- 3 *2^0 -3-519 -3-798
-3 .56
-2 .238 -2 .465 - 2.477
-1.431 - 1.526 - 1.62
-0.8524 -0.9340 -1 .014
-0.1335 -O . I788 -0.2230
+0.2454 +Q.99P9 +0.1995
TABLE I I I  (CONTINUED)
H ffjj X 10"2 (ohm-cm.)”1 ff12 *  1°”2 (ohm-cm.)"1
GAUSS 2. 1°  2.66° 3. 56 4. 2** 2. 1°  2.666 3. 5°  k.2?
1596
l 606 7 .OO7  7 . 0 9 4 . 7*267 7 .4 4  0.4597 O.4593  0.4479 0.440
1693 6.442 0.5276
I77O 5.956 6.023 6.169 6.311 0.5638 0.5678 ' 0.5762 0.5845
1855
1935 5*083 5.146 5.282 5*415 0.6269 0.6328 0.6455 0.6578
2015 4.730 0.6492
2095 4.412 if. 465 4 .58O 4.692 0:6609 0.6684 0.6847 0.7005
2170 4.138 0.6695
2245 3*893 3*937 4.031 4.123 O.6736 0.6799 0.6935 O.7067
2320 3.666 \ 0.6769
2395 3*4682 3.506 3.587 3.667 0.6753 0.6830 0.6996 0.7158
2465 3*293 O.6741
2540 3*298 O. 7 0 9 5
TABLE I I I  (CONTINUED)
HIGH FIELD MAGNET
H (o h m -c m .) *  (o h m -c m .)”
























115.2 116.8 47 .47
24.55 29-42 14.88
63.25 62.86 50.52
67.68 68.89 . 61.11
66.79 69 .OO 66.06
63.64 66.15 64.55
61.57 62 .19 60.82
57-29 57.77 57-37
53-70 54.06 53.85




TABLE I I I  (CONTINUED)
H a j  j  (ohm-■cm.) * (ohm-cm. ) - *
GAUSS 2 . 1° 2 . 66° 3 -5 ° 4 .2 s 2 . 1° 2 . 66° 3 -5 ° ” T¥.2°
4597 110.4 110*5 111.6 113.2 46.32 46.44 47 .21 46.68
4685*5 106.3 IO6 .7 IO7 .8 109.3 45.95 45.74 46.28 46.02
4774 104.8 IO3 .9 104.4 106.1 45.71 45.23 45.51 45.23
W 62.5 101.3 100.6 101.2 102.9 1*4.58 44 .15 44.82 44:75
4951 96.86 97-21 98.32 99.83 43.51 43.53 44.01 43.90
5039.5 94.21 94.45 95-46 96.90 43.34 42.90 43.48 43:24
5128 93-14 92.42 92.91 94.37 42.96 42.53 42.79 • 42:64
5216.5 90.76 89.89 90.31 91.29 42.02 41-39 42.13 42.03
5305 86.79 86.76 87.65 88 .87 41.12 40.65 41.41 41.32
5393-5 83.23 83.97 84:99 86.46 40.46 40.10 40.82 40.55.
5l*82 82.32 82.22 82.73 83.98 40.34 • 39*93 40.12 40.05
5570.5 81.58 8O.79 8O.72 81.98 39-77 39.11 39.60 39.67
5659.0 79.43 78.90 78.87 80.03 38.81 38.47 38.92 38:95
TABLE I I I  (CONTINUED)
H a j j  (ohm-
, -1  ■cm. ) a jg  (ohm-cm. r 1
GAUSS 2 . 16 2 . 660 3 .5 ° 2 . 1° 2.666 3 -5 ° " 4 : 2 *
5747.5 76.10 76.24 76.75 77.96 37.76 37.88 38.49 38.32
5836 73.25 73.92 74.86 76.18 3 7 * ^ 37-28 37-86 37-94
5924.5 71.79 72.39 73.11 7 ^ 3 6 37-28 37-01 37.38 37-44
6OI3 .O 71.53 71.40 71.76 72.80 37-22 36.83 37-00 36.99
6101.5 71.22 70.61 70.40 71.26 36.75 36.19 36.54 36.54
6190 69.90 69.18 68.88 69.88 35.95 35.49 35.85 36.08
6278.5 66 .72 66.96 67 .O8 - 68.04 35-01 3^.69 35.3** 35-1*3
6367 63.83 64.60 65.37 66.40 34.26 34. 17 34.82 35.04
6455.5 62.06 62.93 93-79 64.90 34.14 33.88 31*-39 34.47
6544.0 61.50 61.94 62.61 63 .67 34.14 33*73 34.05 34.14
6632.5 6 I .58 61.50 61.66 • 62.37 34.01 33-53 33.71* 33-75
672 I.O 6 I .75 61.02 60.75 61.30 33.70 33*13 33-28 33-33
6809.5 60 .72 59.92 59.56 60.05 33.01 32.42 32.88 33.00
TABLE I I I  (CONTINUED)
 ^ a l l  * ffl2  (°^m“cm* ) *









76H .3 52.24 51-34




58.19 58.89 32 .14
56 .62 57-49 31.19
55.26 56.32 30.82
54.14 55-17 30.85






















TABLE I I I  (CONTINUED)
f  \  * *  1 ' *  1U f f j j  (ohm-cm.) a^g (ohm-cm.)
GAUSS 2 .1 °  2 . 66°  3 .5 6 4 .2 ^  2 .16 2 . 66°  3 .5 °  4 .2 ^







































TABLE I I I  (CONTI NUED)
H
•MO'Hb •cm.) * <jjg (ohm-cm. r 1
GAUSS. 2 . 1° 2 . 66° __ 3 -5 ° 4 .2 ° 2 . 1° 2 . 66° 3-5u 4 .2 °
10590 29.36 29.91 30.61 31.30 21.03 20.87 21.08 21.26
10930 28.94 29.16 29-68 30.19 20.87 2O.7O .20.74 2O.83
11280 29.94 29.73 29.63 29-7^ 20.65 20.38 20.32 20.34
11605 30.59 29.87 29-25 29-10 19-84 19.61 19.56 19.62
11930 28.60 28.18 . 27.83 27.82 18.60 18.62 18.72 18.89
12235 25-42 25.63 25-84 26.20 17-77 17.85 18.15 18.33
12535 23.45 23.79 24.31 24.81 17.68 17.66 17.78 ' 17.85
12825 22.83 22.94 23*46 23.98 17.61 17.55 17.59 17.68
13090 22.65 22.78 23-1? 23.58 17.50 17.38 17.41 17.44
13350 22.93 22.97 23.17 23-42 17-32 17.18 17 .17 . 17.18
13610 23.38 23*3^ 23.32 23.38 16.84 16.95 16.91 16.91
13860 24.22 23.71 23-^1 23.31 16.81 16.67 16.61 16.60
14100 24.50 23.85 23.30 23.08 16.79 16.26 16.22 16.25
14330 24.09 23-/*8 22.89 22.65 15.99 15.80 15.82 15.91
TABLE I I I  (CONTINUED)
^ f f j l  (ohm-cm.) * ff12 (°hm-cm*) *








16780 I 7 .O8 17.12






22 .15 22.02 15.38
20.21 20.44 14.48

























13.04 . 13.01 13-04
TABLE IV
(Numerical Values fo r  and g jg a t  2 .1 ° , 2 . 66° ,  3*5°* and 4 .2 °  K .)
LOW FIELD MAGNET
e'u  X 106 Volt-cm .
Watt e12
X 106 Volt-cm .
Watt
H GAUSS 2 . 16 2 . 66° 3 .5 ° 4 .2 ° 2 . 16 2 . 66° 3 .5 ° 4 .2 °
0 3-609 2.533 2.091 1.826 0 .0 0 .0 0 .0 0 .0
3-58 3-883 2.824 2.214 1.953 - 1-392 - 1.094 -  O.8672 -  0.7644
7.16 4.477 3.056 2.372 2.097 - 3.116 - 2.087 -  1.686 -  1.452
10. 7*1 5.027 3.388 2.619 2.-350 - 4.243 - 3.110 -  2.457 -  1.987
14.32 5.618 3.854 3.037 2.567 - 5.570 - 3-805 -  2.987 -  2.497
17-90 6.349 4 .267 3.256 2 .839 - 6.232 - 4.485 -  3.517 -  2.956
21.48 7.035 4.745 3.736 3-110 - 7.161 - 4.894 -  3-951 -  3.312
25.06 7.674 5-100 4.044 3-417 ■ - 7.956 - 5.401 -  4.288 -  3.644
28.64 8.360 5.473 4.264 3-724 8.487 ■ - 5.729 -  4.481 -  3.975
32.22 8.83 S9.J50
35-80 9.318 6.259 4.860 4.158 - 9.549 - 6.408 -  5-203 -  4.434
42.96 10.19 6 .637 5.436 4.610 - 10.35 - 6.874 -  5.637 -  4.816
TABLE IV (CONTINUED)
—  - r r —  . "  5  ' I 6  v ,
e ..  X 10 Volt-cm . X 10 Volt-cm .
1 Watt -   12 Watt
H GAUSS 2 .1 °  . 2 .6 6° 3 .5 °  4 .2 °  2 .1 °  2 . & °  3 .5 °  4 .2 °













5.820 4.900 -  11.40 -
6.080 5.149 -  12.33
-  12.77
6.526  5.623 -  13.40
-  14.33
6.766 5.930 -  15.12
7.020 6.093 -  16.05
7.156 6.220





7.489  - 6.071  5 .147
7-963  -  6.360  -  5.555
8.339
?8;'675 -  6 .967  -  6.090
-  9.436  - 7.516  - 6.574
-  10.21 -  8 .094  -  7 .IO 9
-  11.09 -  8 .624  -  7.619
-  11.79 -  9.202 -  8.205
-  12.61 -  9 . 78 I  -  8.663
-  13.21 -IO .36  -  9.275




-  22.55 
- 23*98 -  14.73 - 11.42 - IO .2 7
TABLE IV (CONTINUED)
en  X 10 Volt-cm . • €Vr X 10 V o lt-o n . J
: ■ • W att ^  =
H GAUSS 2 .1 °  2 .66° 3 .5 °  4 ;2 °  2 .1 °  2 . f o 6  3 .5 °  4 .2?
193*32 7*335
194.75 -  15*28
198.33 -12.09
INTERMEDIATE FIELD MAGNET
30 ■ 4.501 4.003 -4 .7 7 3 -  4.271
W j.k 9*889 5.717 -  IO.7 2 -  7*37 -  5^905 -  5.369
64.8 10.95 7*94 6.228 5.610 -  12.47 -  8.34 -  6.595 -  6 .021
8 2 .2 11.85 8.37 6 .634 5.978 -  14.12 -  9.31 -  7.389 -  ^.736
99*6 12.38 8 .7 2 . 6.945 6.028 -  15.78 -  10.17 -  8.044 “  7-347
117-0 12.72 8 .86 7* 140 -  17.30 -  I I .03 -  8.741 -  8 .04
134.4 12.72 9*148 7*289 6.442 -  18.80 -  12.02 -  9-547 -  8.739
151.8 12.72 9.248 7*390 -  20.58 -  13.20 - 10.31 -  9.436
169.2 12.72 9 . 2W 7-452 6.547 -  22.10 -  13.97 - 11.02 - 10.13
TABLE IV (CONTINUED)
[ - O  ' - . ..................
!.■' ■ \ • X 106 V olt-cm .W att 4 *  106 .
Volt-cm .
V a tt
H GAUSS 2 . 1° 2 . 66° 3 .5 ° 4 .2 ° 2 . 1° 2 . 66° 3 .5 ° 4 .2 °! '
I 186.6
■ ■ *
12.72 9.218 7.468 6.570 -  23-37 -  15.05 -11 .72 -IO .78
20k. 0 12.72 9-176 .7.443 6 . 7 IO -  25-27 -  16.00 -12.49 -11 .44
238.8 12.43 9.067 7.366 6.511 -  28.67 -  18.03 -13 .92 - 12.78
273-6 . 12.21 8.85 7.218 6 . 38 I -  31-84 -  20.07 -15.45 -14.14
308.4 11.90 8.57 7.047 6.240 -  34.99 -  21.83 -16 .94 -15.50
343.2 11.35 8.35 6.896 6.063 -  38.28 -  23.87 -18.49 - 16.83
378.0 10.88 8 .0 6 6.646 5.840 -  41.41 -  25.67 -19 .97 -18.19
412.8 10.17 7-77 6.351 5.616 -  44.58 -  27. 75 -21.45 - 13.60
447.6 9.63 7.41 6.086 5.350 -  47 .87 -  29.83 -23*02 * - 20.96
482.4 9 .O87 6.98 5.800 5.077 -  50.89 -  31.69 -24.58 -22.33
517-2 8.37 6.48 5*464 4.781 -  54.18 -  33.85 -26.04 -23.76
552.0 7.659 6.05 5.145 4.475 -  57.97 -  35-98 - 27.60 -25 .22
586.8 6.770 5.48 k.732 4.122 -  61.24 -  37-92 -29.36 - 26.69





eJ l X 106 _Volt-cm .
Watt
e j2  X 106 V olt-cm .
W att
2 . 1° 2 . 66° 3 .5 ° 4 .2 ° 2 . 1° 2.666 3 -5 ° 4 .2 0
656.4 5 .082 4.40 4.012 3-487 -  67.66 -  41 .72 -32.25 -29.48
691.2 4 .156 3.83 3.632 3*129 -  7.1.10 -  43.80 -33 .72 - 30.81
726.0 3.391 3 .26 3.207 2-734 -  74.13 -  45.79 -35.23 -32.19
76O.8 2.413 2.68 2.753 2.358 -  77*09 -  47.64 -36.71 -33.54
795.6 1.613 2.11 2.282 I .887 -  79.61 -  49.45 - 38.20 -34.86
830.4 0.723 1-55 1.816 1.488 -  82.63 -  51 .17 -39.64 -36 .17
865.2 -  0.184 O.967 1-345 1.081 -  85.61 -  52.97 -40.96 -37-48
900.0 -  1.341 0.256 O.87 I 0.594 -  88.64 -  54.69 -42235? -392732
934.8 -  2.675 -  o.46o 0.372 0.164 -  91.92 -  56.55 - 43569? -40 .02
969.6 -  3.920 -  1.18 -  0.147 -  O.312 -  94.41 -  58.35 - 45.06 -41 .32
1004.4 -  4.900 -  1.89 -  0.614 -  O.775 -  97.37 -  60.03 -46 .26 -42.53
1039.2 -  5.964 -  2.68 -  1.158 -  1.278 - 100.6 -  61.70 - 47,65 - 43.76
IO74.O -  7.299 . -  3.50 -  1.685 -  1.788 - 103.0 -  63.51 -48.91 -44 .96
1108.8 -  8.545 -  4.25 -  2.266 -  2.251 - 105.6 -  65.13 - 50.16 -46 .13
t'T -i-mm
■ :>:r  ;‘<:ckx~■- - .. ••. : •* * ■ .. . .■ *<•- - >•
* :
; C i i f
'''
TABLE IV (CONTINUED)
r > io |
H GAUSS
€i i  x 10 • Volt-cm .V a tt * •
1 o- 6 e ^ X  10° Volt-cm .
V a tt
2 .1 ° 2 .66° 3 .5 e 4 .2 * 2 .1 ° 2 .66° 3 -5 ° 4 .2 °
1143.6 -  9.702 -  4 .96 -  2.883 -  2.757 -109 .2 -  66.81 -51.56 - 47.36
1178.4 - I I .03 -  5 .8 6 -  3.456 .- 3.274 - 110.6 -  68.52 -52 .87 -48.60
1213.2 - 12.28 -  6.75 -  3-845 -  3.833 - 113.6 -  70.20 -54.15 -49.55
1 2 ^ .0 - 13.52 -  7-53 -  4.539 -  4.391 - I I 6 .3 -  71.87 -55.33 - 50.68
1282.8 -14.95 -  8.25 -  5-133 -  4 .917 -119 .4 -  73.50 -56 .52 -51.78
1317.6 - i6 r;oo -  9-10 -  5.786 -  5.429 -121.9 -  75.12 -57 .72 -52.91
1352.4 - 17.23 -  9.95 -  6.393 -  6.012 -124 .7 -  76.57 -58.89 -54 .02
1387.2 -18.55 -10.75 -  6.982 -  6.590 -127.3 -  78.15 - 60.02 -55.13
1422.0 -19 .97 - 11.60 -  7.661 -  7.170 - 130.0 -  79.60 -61.14 - 55.65
1456.8 -21.38 - 12.38 -  8.247 -  7.740 - 132.6 -  81.04 -62.29 -57-18
1491.6 -22 .97 -13 .32 -  8.872 -  8.243 -135.0 -  82.49 -63.43 - 58.26
1526.4 -24.31 -14 .17 -  9.501 -  8.816 -137-2 -  83.94 -64 .52 -59.28
1561.2 -25-64 - 15.10 -10 .14 -  9-395 -139.7 -  85.20 - 65.63 - 60.29




4  x i o 6 . Volt-cm . 4 x 106 Volt-cm .Watt M a tt
H GAUSS 2 . 16 2 . 66° 3 .5 6 4 .2 ° 2 . 1° 2 .66° 3 .56 4 .2 °
I 63O.8 -28.29 - 16.74 -11.43 -10 .54 -144.5 -  88.05 -67 .77 - 62.31
I 665.6 -29.88 - 17.66 -12.13 -11'. 13 -147.1 -  89.22 - 68.80 -63.19
1700.4 - 31.02 - 18.52 -12 .77 - I I .70 -149.3 -  90.76 - 69.81 -6 4 .17
1735.2 -32.42 -19.38 ■> -12.29 - 151.6 -  91.94 - 70.78 - 65.07
I 77O.O -33.74 -20.39 -14 .02 - 12.79 -154.2 -  93.29 - 71.78 - 66.18
1935-0 -40.73 -25-06 - I 7 . i l -15.83 -164.0 -  99.53 -75.96 - 7O.7 2
2615.0 -44.29 -27*42 - 18.68 - 168.8 - 78.27 - 72.76
2095.0 - 47.66 -29*42 -20.41 -18.80 - 173.6 - 104.9 - 80.18 -74 .77
2170.0 -51.55 -31.99 - 22.01 - 20.19 - 177.6 - 107.9 - 82 .19 - 76.38
2245.0 - 54.90 -34.06 -23.59 - 21.63 - 181.3 - 110.4 - 83.98 - 78 .OO
2320.0 - 58.09 -36.48 -25*20 -23.04 - I 85 .6 - 112.9 -85.91 -79.66
2395.0 - 61.98 -38.55 - 26.75 -24 .47 -189-7 9115.1 - 88.06 -81.23
2465.0 - 64.65 -40.46 - 28 .14 -25.78 -193.2 -117-3 -89.24 - 82.67
2540.0 -68.18 -42.49 -29-46 - 27.05 - I 96 .O - 120.2 -91.19 -84.09 coA J I
TABLE IV (CONTINUED) 
HIGH FIELD MAGNET
e' X 105 . Vo lt-cm . €. X 105 Volt-cm .
Watt ___________________  Watt
H GAUSS 2 .1 °  2 .66°  ~ 3 .5 °  4 .2 °  2 .1 °  2 .66°  3 .5 °
i 1415.0 - 2 .02 -  1.059 - O.7647 - O.73 IO - 13.65 -  9.375 -  6.575 -  5.868
I 765.O -  3*46 -  2.157 - 1.436 - 1-351 - 16.28 -10 .97 -  7.758 -  6.942
2119.0 -  5 .17 -  3.687 - 2.225 - 2.001 -18.43 -12 .57  ’ -  8.808 -  7.930
2473.0 -  6 .95 -  4.942 3-046 - 2.746 - 20.58 -13-89 ^ 9.817 ’ -  8.821
2827.0 -  8.84 -5 -$ 0 9 -- 3.867 - 3.493 -22.41 -15-11 - 10.61 -  9.540
3181.0 -IO .54 -  6.865 - 4.725 - 4.216 - 23.88 - 16.21 -11.39 - 10.21
3535.0 -12-33 -  8.042 - 5.546 - 4.911 -25.23 - 17-06 - 11.98 -10.73
3889.0 -14 .04 -  9-219 - 6.310 • - 5 .627 - 26.39 - 17.81 - 12v 60 - 11.10
4243.0 - 15.61 -10.33 - 7.075 - 6.317 -27-41 - 18.36 - 13.00
V
- 11.65
^331.5 - 16.30 - IO .67 - 7.324 - - 6.487 -27.85 - 18.61 -13.13 - 11.75
4420.0 - 16.65 - 10.82 - 7-485 - 6.654 - 27.92 - 18.80 -13 .24 - 11.86
4508.5 - 16.85 - 11.10 - 7.697 - 6.803 - 2 8 . 06 -18 .94 -13-30 -11.94
4597-0 -17.59 -11.45 - 7-883 - 6-993 - 28.36 -19.13 -13-40 -12.04
TABLE IV (CONTINUED)
H GAIIS5
e'n  X 105 Volt-cm .
Watt 4  x  io 5  ■
Volt-cm .
Watt
2 . i ° 2 . 66° 3 .5 ° 4 .2 ° 2 . 1° 2 ; 66° 3 .56 4 .2 °
1*685,5 - 18.08 - I I .76 -  8 .O7O -  7.174 - 28.76 - 19.27 -13.50 - 12.12
4774.0 -18.08 - 11.96 -  8.256 -  7.338 -28.64 - 19.38 - 13.60 - 12.22
1*862.5 - 18. 51* -12.23 -  8.418 -  7.502 -28 .97 -19-41 - 13.86 -12.29
1*951-0 -19.1*0 -12.55 -  8.642 -  7.652 -29.35 - 19.60 -13.76 - I 2.39
5039-5 - 19.66 - 12.78 -  8.866 -  7.809 -29.58 -19.63 -13.85 -12.46
5128.O - 19.60 -12.91* -  9.139 -  7-959 -29*40 • -19.7** -13.90 -12.54
5216.5 -19.93 -13.18 -  9.102 -  8.123 -29.58 -19 .82 - 13.98 - 12.60
5305-0 -20.89 -13.57 -  9.307 -  8.298 -29 .92 - 20.01 -14.09 - 12.68
5393-5 -21.53 - 13.96 -  9.518 -  8.477 -30 .32 - 20.18 -14 .17 -12.74
51*82.0 -21.50 -1 4 .16 -  9-680 -  8.631 -30.35 -20.29 -14.19 -12.83
5570.5 - 21 . 31* -14.20 -  9.823 -  8 . 77O -30.12 -20.29 -14.28 - 12.86
5659.0 - 21.68 -14.39 -  9.985 -  8.916 -30.16 -20.29 -14 .32 -12 .92
571*7 .5  ; - 22.69 -14 .84 - 10.22 -  9.048 - 30.68 - 20.62 -14.40 -12.97
5836.0 -23.58 - 15.18 -10 .37 -  9.215 - 31.01 -20.73 -14.47 -13.04
oo
TABLE IV (CONTINUED)
e1 i *  105 • Volt-cm .Watt
e |2 X 105 Volt-cm .
Watt
H GAUSS 2 .16 2 .66° ; _3 .5b 4 .2 6 2 . 16 2.66® 3 .5 ° 4 .2 °
55924.5 -23.78 - I 5 .3 7 -10.48 -  9-337 -31.14 - 20.87 -14.53 - 13.09
6013.0 -23.40 - I 5 .39 - 10.60 -  9.458 -31.05 -20.81 -14.58 - 13.15
6101.5 -23-18 - I 5 .39 -10.68 -  9.565 -30.93 -20.81 -14.65 - 13.18
6190.0 -23*48 -15.59 - 10.81 -  9.622 -30.79 -20.79 -14.70 - 13.22
6278.5 -24-.50 - 16.12 -11.04 -  9-847 -31.23 - 21.01 -14 .77 - 13.26
6367.O -25*53 - I f  59 - 11.32 - 10.02 * 31.60 -21 .17 -14.81 - 13.35
6455-5 -26.19 - 16.82 -11 .47 - 10.16 -32.05 -21.23 -14.86 - 13.39
65*44.0 - 26.10 - 16.88 • -11 .57 -IO .26 - 31.88 - 21.28 -14.89 - 13.42
6632.5 -25.56 - 16.81 - 11.62 -10.35 -31.71 - 21.20 -14.91 - 13.44
6721.0 -25*18 -16.73 - I I .67 -10.46 -31.53 -21.23 -14.96 - 13.43
6809.5 -25.41 -16 .94 - 11.81 - 10.60 - 31.68 - 21.28 -14.98 - 13.46
6898.0 - 26.34 -17.41 - 12.01 - IO .74 -31-84 -21.34 -15.03 - 13.55
6986.5 - 27.58 - 18.16 - 12.26 - 10.87 - 32.16 -21.56 - 15.12 - 13.61
7075.0 -28.55 -18.43 -12.48 -11.04 -32.36 - 21.78 - 15.23 - 13.68
TABLE IV (CONTINUED)
e ) j X 105 Volt-cm .
Watt
e [2 X 105 Volt-cm .
Watt
H GAUSS 2 . 16 2 . 66* 3 -5 ° 4 .2 ° 2 . 1° 2 . 66* 3 -5 ° 4 .2 *
7161*. 4 -28 .97 - 18.67 - 12.65 - 11.16 -32 .57 - 21.78 - 15.28 -13 .72
7253.8 - 28.83 - 18.61 -12.73 - 11.27 - 32.66 - 21.83 - 15.29 - 13.72
73*6-1 - 28.22 - 18.43 -12 .74 -11-33 -32.63 - 21:78 - 15.28 - I 3 .75
7*62.5 - 27.65 - 18.32 -12.75 -11.38 -32.38 - 21.72 - 15.28 -13 .77
7521.9 -27.30 - 18.28 -12.75 -11.43 -32.38 - 21.72 -15.29 - 13.80
76H .3 -27 .64 -18.43 -12.89 - I I .56 - 32.01 - 21.75 -15.35 -13.83
77OO.6 -28.53 - 18.88 -13.09 - I I .69 -32 .47 - 21.86 -15 .37 - 13.86
7790.O -29.72 -19.51 -13.33 - 11.88 -32.84 -21.94 -15-46 -13.98
7966.3 -31.83 -20 .47 - 13.82 - 12.20 -33*34 - 22.22 -15 .57 -14 .02
8142.5 -31-82 - 20.61 -14.03 -12.38 -33-**4 - 22.28 -15.64 -14 .07
8318.8 - 30.80 -20.18 -13.95 -12.44 -33.43 - 22.17 -15 .64 -14.08
8495*0 -29.72 -19.83 -13 .92 -12.44 -32.98 - 22.19 - 15.67 -14.11
8670.0  . -30 .37 -20.18 -14.14 - 12.70 -33.41 - 22.30 -15..73 -14.18
8845.0 -32.99 -21.45 -14.69 - I 3 .O7 -33-64 -22.44 - 15.86 -14 .27
TABLE IV (CONTINUED)
H GAUSS








2 . 1° 2 . 66° . 3 -5 * 4 .2 ° 2 . 1° 2 . 66° 3 .5 ° 4 .2 6
9020.0 -35.16 -22.59 - 15.22 -13-41 -33.89 - 22.69 -15 .94 -14.35
9195.0 -35.39 - 22. 9 I - I 5 .4 7 -13.63 -33-82 -22.74 - 16.00 -14.40
9368.8 ‘ -34.90 -22.59 -15-46 - 13.68 -33 .97 -22.83 - 16.06 -14.43
9542.5 -33 .97 - 22.12 -15-29 - 13.65 -3 4 .10 - 22.72 - 16.02 -14 .44
9716.3 -32 .54 - 21.61 - 15.16 -13.65 -34.20 -22.69 - 16.02 -14.45
9890.0 ' -32 .34 -21.59 - 15.20 -13 .74 -34.16 -22.74 - 16.03 -14.48
10065.0 -33 .97 - 22.32 - 15.61 -14.01 -34.31 - 23.02 - 16.12 -14 .57
10240.0 - 36.56 -23.63 -16.15 -14.44 -34.46 -22.99 - 16.22 -14 .62
IO415.O -38.05 -24 .77 - 16.71 - 14.78 -34v57 -23.19 - 16.31 -14.66
10590.0 -39.01 -25.26 - 17.09 - 15.02 -34.31 -23.19 . - 16.34 -14.73
10930.0 -38 .52 -25.06 - 17.07 -15.13 -34.51 -23 .32 -16.40 - 14.77
11280.0 - 36.70 -24.00 -16 .64 -14.94 -35.36 -23.32 -16.43 -14.83
I I 6O5 .O -35-14 -23.38 -16.49 -14.96 -35.28 -23.27 -16.53 - 14.87
I I 93O.O -37*44 -24.63 - 17.26 -15.41 -35 .45 -23.54 - 16.60 -14.98
TABLE IV (CONTINUED)
HiGAUSS
4 x lo5  - Volt-cm .Watt 4 x io5 .Volt-cm .Watt \
2 . 16 2.66° 3 .5 ° 4 .2 ° 2 . 1° 2 . ^ 6° 3 *5* 4 ,2 °
12235*0 “ 41.09 - 26.63 -18.13 - 16.07 -35-31 - 23.65 - 16.61 - 15.04
12535*0 -42.34 "27*55 -18.83 - I 6.55 -34.64 -23.43 -16 .77 -15 .07
12825*0 . -42.33 - 27.67 - 19-00 - 16.78 -34.71 - 23. 6 0 ' - I 6 . 7 I -15.13
13090.0 -42.25 -27.48 - I 8 . 9O - I 6.75 -35.36 -23 .85 -16.83 - 15.21
13350.0 -41.99 - 27.14 - 18.66 -16.59 - 36. i l -24.01 -16.89 -15 .27
13610.0 -40.93 - 26;42 - 18.28 -16 .37 - 36.70 -24.40 -16.93 -15.30
I 386O..O , “ 39*32 -25*69- -17-96 - 16.22 -36.91 -24.26 -16 .92 -15.33
14100.0 -38.46 -25-24 - 17.86 - 16.21 - 36.87 -24 .34 -16.95 - 15.34
14330.0 “ 38.74 -25*53 - 18.03 -16.44 -37-04 -24.29 -16.99 -15.38
14555* 0 - 40.61 - 26.57 -18.55 - I 6 .7 7 -37.20 -24.48 - I 7 . i l -15-46
14985.0 -45.24 -29*30 - 19.94 - 17.72 -37-30 - 2 ^.67 -17*35 -15 .64
15370.0 - 46 .17 -30 .12 -20 .77 -18.41 - 36.09 -24.04 -17.35 - 15.70
15725.0 -45.29 -29.93 - 20.87 -18.59 -35.44 - 23.82 -17.23 - 15.67
16040.0 -45.21 -29.57 - 20.77 -18 .57 -35.58 - 23.76 -17.16 - 15.63
TABLE IV (CONTINUED)
e! - X 105 _ Volt-cm . evo X 10^ Volt-cm .11 _ I J «  A . A ._ W a t t ________________________________________ Watt ,
H GAUSS 2 .16 2 .66° 3 .56 4 .2 °  2 .1 °  2 .66° 3 .5 °  4 .2 °
16320.0 - 45.66 - 29.59
16560.0 ■^5 . 7 5 - -29.50
16780.0 - 45.78 -29.36
16980.0 -^ 5 .73 -29.20
17155.0 - 45.64 - 29.10
17320.0 - 45.25 - 28.79
17470.0 - 44.71 -28.46




- 20.51 - I 8 .36 - 36.05
-20.41 - 18.27 - 36.83
- 20.26 - 18.18 -37-50
- 20.13 -18.10 - 38.16
- 20.03 -18.01 - 38.68
- 19.86 -17.95 -38.84
-19*. 74 -17.91 -39.25
-19 .72 - 17.90 -39.43
-23 .87 - 17.13 -15 .64
-2 4 .13 - 17.21 - 15.70
-24.55 -17-35 -15.78
-24.85 -17.44 - 15.86
- 25.12 -17 .52 -15 .92
-25-20 - 17.62 - 16.00
-25.38 - 17.72 - 16.06
-25 .72 - I 7 . 8 I - 16.17
-25-85 -17.89 - 16.21
TABLE V
Thermal C o n d u c tiv ity  versus Temperature
T (°K) Awatt (°K-cm. ) -1
2.154 4 .7 6 2
2.456  6.628
2.682  8.342
2-940 IO .7 I
3.066  11.68
3*224 12.75


















11 " g j ^ m r
H GAUSS 2 .1 °  2 . 66°  3 .5 °  4 .2 °  2 .1 °  2 . 66°  3 .5 °  -■fr.-ge>~
0 5-625 7.305 10.57 10.12 0 .0 0 .0 0 .0 0 .0
3.58 5.685 7.641 IO.52 10.20 - 2.504 "  3-589 -  4.929 -  4.726
7.16 5-643 7.174 ;9*815 9:630 - 5 .152 -  6*392 -  8.952 -  8.445
10.74 5-183 . 6.420 >8*879 9.116 - 6.494 -  8.674 -11 .97 - 10.80
14.32 4.576 5-914 . 8.469 8.143 - 7.643 -  9-699 -13.43 -12.41
17-90 4.309 5-323 7.091 7-238 - 7.881 -10.40 -14.12 -13-32
21.48 3-838 4.861 6.777 6.463 - 8.167 -IO .37 -14.64 -13-64
25-06 3-425 4.241 6.162 5.956 - 8.285 -10 .42 -14.71 -13.90
28.64 3-137 3-796 5-349 5.402 - 8.152 - 10.17 -14.16 -13-93
32.22 2.772 - 8 .092
35-80 2.519 3-207 4.374 4.323 - 7.852 -  9-824 -14.01 - 13.30
42.96 2.044 2.472 3.761 3.674 -7-422 -  9.127 -13-32 - 12.56
TABLE VI (CONTINUED)
€11 amp e1' amp
°K -cm .   12 °K-cm.
H GAUSS 2 . 1° ■ & G & T-: 3 -5 ° 4 .2 ° 2 . 1° 2 . 66° 3 -5 * 4 .2 °
50 .12 1-57 . 1.976 3-005 2.925 -7.093 -  8.693 - 12.58 - 11.86
57-28 1.142 1.638 2.456 2.317 -6 .694 -  8.208 - 11.69 -11 .27
64.44 0.9944 1.302 . -6 .239 -  7-643
71.60 0.7349 1.050 1.621 I . 6O7 - 5.881 -  7 . 2OO -10.35 - 10.06
78.76 0.509 - 5.61
85-92 0.3507 0.6895\
1.060 1.117  . -5 .370 -66.442 -  9.165 -  8.962
100.24 0.1407 0.4155 0.7132 O.7O87 -4-735 -  5-79.1 -  8.251 -  8 .O65
114.56 0.000 0.2158 0.4558 0.4392 -4 .34 -  5.316 -  7.464 -  7.319
128.88 - 0.1022 0.0597 0.2879 0.2246 -3,971 -  4.829 . - 6.863 -  6.757
143.20 - 0.2020 - 0.0457 0.1336 0.1085 -3.700 -  4.485 -  6.336 -  6.238
157-52 -O .265 - 0.0788 0.0409 -O.O362 -3 .467 -  4.137 -  5-895 -  5.827
171.84 -0.2824 - 0.1718 -O.O377 -0.1253 -3 .227 -  3.915 -  5.496 -  5.405
186.16 -0 .307 - 0.1580 *0.0924 - 0.1695 - 3.061 -  3-641 -  5-111 -  5.077
TABLE VI (CONTINUED)
INTERMEDIATE FIELD MAGNET
H GAUSS 2.1° 2.66^ 3.5° 4.2° 2.1a 2.66° ~ 3.5° '" 4.2°
30-0 4g644 -144853
k j . k 14578 -69824
%
64. 8 9589 15034 -62735. -  98735
82 .2 4677 8928 -54648 -  85719
99.6 2184 4101 -47920 -775368
117.0 420 -42517
134.4 -  1001 -  114.9 -38267 -63798
151.8 -  2172 -34958
169.2 ■ -  2658 -  2506 -31887 -55348
18 6 .6 -  2798 -  2928 -29049 -51675
204.0 -  3161 -  2613 -27302 -48588
238.8 -  3421 -  2998 -24187 -42591
7T
TABLE VI (CONTINUED
eV, a 10 amp
11 "gK-Snr
H GAUSS 2 .1 °  2 . 66°  3 .5 6 4 .2 °
273.6 -  2974 -  2595
308.4 -  2791 -22351
343.2 -  2711 -  2548
378.0 -  2589 * 2862
412.8 -  2468 -  2837
447.6 -  2263 -  2772
482.4 -  2026 -  2639
517.2 -  1895 -  2522
552.0 -  1789 -  2382
586.8 -  1692 -  2277
621.6 -  1599 -  2104
656.4 -  1546 ■=. 1979
691.2 -  1436 -  1851
   _












-  9860 - 174.44
-  9706 -16526  ^
TABLE VI (CONTINUED)
H GAUSS
„  „  in 4 amp
*12  X W“  '
.amp
611 X 10 °K-cm. °K-cm.
2 . 16 2 . 66°  3 .5 6 4 .2 0 2 . 1°  2 . 66° 3*5° 4 .2 *
726.0 - 1339 -  l? 6 l -  9258 - 1 5 $ *
760.8 - 1275 -  I 701 -  8853 -15179
795.6 - I I 78 -  1672 8439 -14625
830.4 - 1111 -  1580 -  8109 -l40 .t)^
865.2 - 1052. -  1493 -  7805 -13435
900.0 - 1010 -  1440 -  7524 -12903
934.8 - 1001 -  1372 -  7278 -12431
969.6 - 956.1 -  1326 -  6978 -12025
1004.4 - 909.5 -  1278 -  6763 -11635
1039.2 - 868.3 -  12&9 -  6591 - I I 3 O8
IO74.O - 848.7 -  1225 -  6389 - I IO 35
1108.8 - 825*0 -  I I 72 -  6213 -10693
1143.6 - 798.2 -  1123 -  6094 -IO 368
VOoo
TABLE VI (CONTINUED)


























































T iT j? 5"
-IOO59
-  9794
-  9490 
”  9 2^6
-  9035
>  8840








  c  ' —  ------------------------------------------- — r — “—
€ |,  X 10 amp e',L X 10 amp
11 ~s k~ L : '  12
H GAUSS 2. 16 '2.665 ■ 3.5a 4i2° 2. 1° 2. 66°  3.5° 4 .2°
1630.8 - 543.8 758.2 -  4409 -  7508
I665.6 - 537-7 - 742.0 “ 4339 -  7345
1700.4 - 57O.5 - 737-3 -  4260 -  7199
1735*2 - 512.2 - 709.5 -  4189 -  7036
1770 - 501.6 - 683.2 -  4123 -  6906
1935 - 458.9 - 637.O -  3782 -  6386
2015 - 439.6 \ •• -  3640 •
2095 - 420.4 - 582,2 -  3509 -  5915
2I 7O - 415.4 - 564.4 -  3385 -  5688
2245 - 403.0 . - 553-5 -  3269 .-5476
2320 - 384.3 - 529.6 -  3167 -  5298
2395 - 382.1 513.3 " 3079 " 5119




. V ' ■ * ei i 1 ^  ■ ,amp ■ » ' x  ' ° k  ■ amp°K-cm. °K-cm.
2 . 1° 2.660 3 .5 ° 4 .2 ° . 2 . 1° 2 . & ° 3 -5° 4 .2 °
1415.0 - 651.6 -572.5 - 7 I 2 .2 - 912. 3- -5199 -6759 -8586 -8479
I 765.O -52477 7470.7 -520.5 - 658.0 -4290 -5402 -6790  . -6420
2119.0 -448.1 -593.6 -507.9 - 631.8 -3630 -4608 -5740 -5824
2473.0 -375.5 -544.1 -457.5 -531.4 -3135 -3940 -4968 -5044
2827.0 -358.5 - 381.1 -424.1 -480.3 -2773 -3443 -^3 5 0 x -4412
3181.0 -324.6 -341.6 -401.4 -442.7 -2467 -3087 -3893 -3933
3535-0 -302.9 -337-2 -397*3 -419.4 -2241 -2795 -3513 -3561
3889.0 -286.4 -323.6 -354.4 -410.3 -2035 -2547 -3218 -3222
4243.0 -272.4 : - 320.6 -372.1 -378.9 - I 865 -2321 -2936 -2982
4331.5 -273.3 - 320.8 -376.9 -372.3 -1841 -2283 -2880 -2923
4420.0 -274.6 -304.2 - 360.5 -376.4 -1813 -2250 -2841 -2860
4508.5 - 269.5 - 307.5 - 362.9 -373.3 -1777 -2209 -2778 -2789
4597*0 - 276.5 -309.4 -361.4 -373-1 -1736 -2170 -2729 -2745
TABLE VI (CONTINUED)
e". X 10* amp «W X 10“ amD11 °K-cnw °K-cm.
H GAUSS 2 . 1° 2 . 66° 3 -5 ° 4 .2 ° 2 . 1* 2 . 66^ 3 -5 ° 4 .2 6
4685.5 -264.2 -30^.3 .-358.1 -367.9 -1711 -2129 -2672 -2689
4774.0 -257-7 - 3OI. 1 5355-1 - 367.1 -1684 -2096 -2622 -2646
4862.5 -258.1 - 3O7 ..O -349^2 - 360.8 -1655 -2044 -2573 -2600
4951-0 -264.9 - 3OO.7 -356.1 -357-5 -1622 -2011 -2531 -2556
5039.5 - 250.9 -299-7 - 356. I "354.1 -1575 - I 97O -2493 -2511
5126-0 -247-5 -292.4 -371-0 -351.7 -1575 -1948 -2457 -2475
5216.5 -249-0 - 298.6 -339.7 -344-5 -1550 -1908 -2404 . -2425
5305-0 -256.4 -298.3 -338.5 -346.9 -1521 - I 876 -2367 -2389
5393-5 -248.7 £297-9 -336.5 -351-5 -1494 -1849 -2325 -2348
5482.0 -240.1 -290.2 - 338. I -342.9 -1500 -1832 -2281 -2312
5570-5 -238.9 -289.9 -331-9 -339.3 -1455 -1800 . -2251 -2278
5659.O -242.7 - 291.2 -336.5 -341.7 -1424 -1767 -2215 -2244
TABLE VI (CONTINUED)
H GAUSS 2 .1 °  2.66° 3 .5 °  4 .2 °  2 .1 °  2. 666 3.56  4 .2 °
5836.0 -249.1 - 286.2
5924.5 -240.4 -279.2
6013.0 - 228.0 -2 ^2 .7
6101.5 - 226.2 -273 .7
6190.0 -235.1 -279.4
6278.5 - 238.2 -287.5
6367.0 -240 .7 - 285.6
6455.5 -233.7 -278.5
6544.0 -227.4 -268.9
6632. 5 ' - 218.0 -264.6
672I.O - 216.6 - 260.3
6809.5 -217.4 - 266.9
6898.0 -229.5 -275.7
-333.1 .-3 3 6 .9 -1388
- 326.1 -331-8 -1374
-323.1 -328.4 -1360
-316 .2 -325-0 -1344
-317-7 -317-5 -1318
-319.8 -325.3 -1294
-327.3 - 320.9 -1273
-322.4 -321.4 -1269
-317-8 -317-0 -1255
- 311.3 - 311.8 -1242
-308.5 -314.6 -1230
- 307.6 -312.7 -1215
-313.3 -312.7 -1194













-1496 - I 87O -1882
-1470 -1843 -1864
TABLE VI (CONTINUED)
6'j 'j X 10^ amp X 104 _amp
°K-cm. ^K-cm.
H GAUSS 2 . 16 2 . 66° 3 ,56 4 .2 ° 2 . 1° 2 . 66° 3 -5 ° 4 .2 °
6986.5 -237-0 - 287.8 -312.9 - 307.8 -1170 -1451 -1819 . - I 836
7O75.O -237-2 - 272.2 - 3.12.0 - 307.6 -1154 -1437 -1798 -1818
7164.4 - 227.6 - 268.1 - 310.8 -302 .7 -1146 -1421 -1778 -1797
7253-8 - 217.5 -25^-7 - 306.7 - 307.3 -1140 -1409 -1763 -1771
73^3-1 - 205.7 -248-3 - 301.2 -301.9 -1139 -1398 -1742 -1758
7432.5 -203.4 -249.6 -297-8 -298.5 -1126 -1388 -1727 -1739
7521.9 -201.4 -248.1 - 296.0 - 286.0 -1119 -1375 -1707 -1718
76 I I .3 -215-6 -252.9 - 296.6 - 287.6 -1098 -1359 -1688 -1705
7700.6 - 221.8 - 260.1 -299-0 - 288.3 -1082 -1336 -1663 -1679
779O.O -220.9 - 261.6 -296.7 -289.3 -1065 -1315 -1646 -1656
7966.3 -225-6 - 261.2 - 298.6 -291*5 -1043. -1291 -1616 -1633 -
8142.5 -209.4 -247.8 -291.3 -284.4 -1028 -1268 -1587 -1597
TABLE VI (CONTINUED)
—---- _ ------------- ------------ :— — r -------------------------------    JT ------ -------------— ---------—
e1.1. X 10 amp e" X 10 amp
°K-cm. 12 ^K-cm.
H GAUSS ~  2.1° 2.66s 3.5d 4 .2° 2.1° 2.66° 3.56 4.1F
8495*0 - 196.1 -229.9
8670.0 -202.4 - 236.7
8845.0 -218.9 - 252.0
9020.0 - 2 I 7 . I -248.1
9195.0 - 203.7 -237-0
9368.8 -193-2 - 222.8
9542.5 - 188.6 - 218.2
9716.3 - 177.6 - 213.9
9890.0 - 181.8 - 216.6
IOO65 .O - 196.1 -224 .2
10240.0 - 206.6 -237-0
10415V0 -195.4 -231.9
10590. 0' -186.5 -222.7
- 276.7 - 270.2 -1006
- 278.8 -275-0 -  988.2
-284.4 -279.0 -  955*7
-283.4 -277-7 -  931.5
-277-9 -271.9 -^91423
- 268.3 - 263.3 -  909.9
- 261.5 -257-6 -  911-2
-257.4 -255.8 -  904.6
-257-2 -256.4 -  890.6
-264 .2 -256 .4 -  865.0
- 266.5 -264.6 -  842.6
- 267.0 - 262.0 -  818.8









-IO 83 -1343 -1352
-IO 63 -1318 -1331
-IO 38 -1296 -1310
- IO I7 -1275 -1287
-1001 -1256 -1268
TABLE VI (CONTINUED)
€*1!  x 1°4 amp X l o \ amp .6 K-cm. °K-cm.
H GAUSS 2 . l 6 2 . 66° 3 -5 ° 4 .26 2 . 1° 2 . 66° 3 -5 ° 4 .2 °
10760.0 -1.79-7 -794.8
10930.0 - 173.6 - 203.3 -242.9 -242.3 -793-3 -983.4 -1228 -1235
11105.0 -168.5 -795.5
11280.0 - 162.2 -195.5 -232.6 -231.7 -799.5 • -970.1 -1204 -1203
11442.5 - 160.8 -795-3
11605.0 - I 65 .O -198.4 - 232.1 -233-2 -781.4 -946.2 -1177 -1186
I I 767.5 - 172.2 -769.9
11930.0 -181.0 -209.7 -247.6 - 236.8 -752.5 -920.4 -1147 -1154
12082.5 - I 86.5 -736 .7
12235-0 -183-5 -213-4 -243.5 - 236.3  • - 716.2 - 887.4 -1107 -1121
12385-0 - I 76.8 -701.3
12535.0 - 167.4 -108.3 -233-2 - 230.1 - 686.8 - 856.4 -1084 -1089
12825.0 - 156.3 -181.1 -221.4 -219.1 - 676.7 -842.4 -1061 -1073
TABLE VI (CONTINUED)
Tl'r
€ jj X 10* ampcr ej2 X 10 amp°K-cm. °K-cm.
H GAUSS 2. 1° 2.66* 3.54 4.2° 2. 1* 2. 66* 3-5° 4 .2*
13090.0 -148.8 -173.3 - 2I I .7 - 210.8 -677.6 -837.5 -1050 -IO56
13350.0 -148.5 - I 72.8 - 207.8 - 205.1 -684.2 -835.0 -1039 -1040
13610.0 -149.1 -166.4 -204.5 - 201.5 - 680.7 -834.5 -1028 -1024
13860.0 -146.0 - 168.0 - 2O3.8 - 200.9 «684. 2 - 823.2 -1014 * 1024
14100.0 -142.2 - I 69.O - 206.2 - 202.8 - 681.6 - 812.8 -  999.9 -1008
14330.0 - 150.0 - I 77.O - 210.0 - 207.4 - 665.2 -798.9 -  984.8 -  991
14555.0 -159.8 -184.4 -214.5 -208.8 - 651.6 -787.2 -  971.3 -  975
14985.0 -158.9 - 185.6 -213.9 - 206.5 - 615. l -754.7 -  943.1 -  959
I537O.O -136.9 - 165.4 -197-5 -195.7 -58O.8 - 715.9 -  913.4 -  926
15725-0 -120.6 - 147.2 -180.9 - 179.7 -559-7 -694.4 -  887.2 - 8 9 4
16040.0 - I I 5. I -137-1 -170-9 - 171.4 -553-1 - 679.2 -  868.7 -  878
16320.0 -118.8 -136.9 - 168.2 . - 167.4 -550.0 - 674.1 -  856.5 -  878
O-a
TABLE VI (CONTINUED)
■ - ' * - - e'j’ j  X 10* amp
*12  *  10 4 - amp°K-cm. ^K-cm.
H GAUSS 2 . 1° 2 . 66° 3 -5 ° 4 .2 s 2 . 1° 2 . 66° 3 -5 ° 4 .2 °
I 6560.O - 119.6 - 136.5 ■ -167.3 - 166.1 -550.4 -672.3 - 85 I.O -861
16780.0 -120.4 -135.7 - I 67.8 - 166.1 -554.8 -675.4 - 850.0 -861
16980.0 - 120.8 - 136.7 - I 69 .O - 166.5 - 56O. 1 - 678.2 -848 .2  - - 86 l
17155.0 -123.5 *#139.3 - I 7O.6 - 167.7 - 5 67 .2 - 682.6 -847.4 -861
17320.0 -124.0 -140.9 - 172.6 - 168.5 -572.9 -682.4 -847-6 -845
17^70.0 - 126.2 -141.4 -172.5 - 169.8 -573-8 -683.3 -846.2 -845
I 7615.O - I 25.3 -140.2 -173-9 - 170,5 -574.6 - 685.8 -844.3 -845
I 7760.O - 129^6 -142.5 - 175.9 - 172.6 -576.4 - 686.0 -842.6 -845
TABLE V II
E ffe c t o f Hi sa1igriment 




X 10? ohm-cm. 
0°
pxx
X I0^ ohm-cm. 
6 .5 °
PXX
X 10? ohm-cm. 
14°
pyx
X lo'? ohm-cm. 
0°
pyx
X 10^ ohm-cm. 
6 .5 °
pyx
X lo T  ohm-cm, 
14°
0 29.97 29.69 29.95 0 0 0
3.58 30.71 30.66 -  1.893 -  1.964
7.16 32.64 32.48 32.86 -  3-810 -  3.928 - 3 * ^ 7 2
10.74 35*64 35.28 35-^5 -  6.170 -  6.695 -  5*570
14.32 38.98 38.5^ 38.88 -  8.830 -  8.984 -  8.492
17*90 42.43 42.22 42.74 - 11.660 -11 .72 -11.24
21.48 46.58 46.50 46.92 - I 5 .O I - I 5 .O7 -14 .47
25*06 50.49 50.78 51.20 - I 8 .36 - I 8.65 - 18.26
28.64 54.94 55*02 56.21 -22.14 -22.24 - 22.00
32 .22 59.46 59.62 59.68 -25-84 -25-86 -25*1*8
35*80 63.89 64.00 64.18 - 30 .02 - 30.06 -29*94
39.38 68.83 -33*80
42.96 72.99 72.97 73-01 - 38.05 -38.43 - 38.02
TABLE V II (CONTINUED) 










X 10? ohm-cm. 
140
pKyx
X 10? ohm-cm. 
Oo
Pyx
X 107 ohm-cm. 
6 .5 °
pyx
X 10T ohm-cn 
14°
50 .12 82.11 82.03 83.64 —46.90 -  47.14 -  46.52
57-28 91.46 91.42 91.79 -  55 -42 . -  56 .02 -  56 . l l
6k. kh 101.0 101.1 101.3 -  64.37 -  64.84 -  66 .22
71.60 110.1 110.3 109.7 -  73-25 -  73-85 -  73.50
78.76 120.2 120.0 -  81.91 -  82.46 -  82.00
85 .92 130.6 130.5 -  91 . 24 -  91.52 -  91.07
100.24 152.8 152.4 152.1 -109.4 - 109i 8 - 109.6
114.56 I 76.8 176.3 175.0 -127.5 - 128.1 -127.9
128.88 202.2 201.6 199.7 -145.5 -146.0 -145.3
143.2 228.5 227.9 224.8 - 162.3 - 163.4 - 162.7
157.52 257-5 255. ^ 253-5 - 179.6 - I 8O.7 -179.9




-215.0 - 216.0 -214.5
,'.':^v:: '■:, \ ••''■; v-’r , - ' " v ' "■■'.■ - x--/%,
TABLE VI I I  k.SPK 
Curve F i t t in g  w ith  Values o f  O jj and a j g
LOW FIELD EXTRAPOLATION
111
FROM: Ohm, Cm., Gauss U n its Gausiian U n its
a) Z+ ecn i = -55 X 102
I_  Hf
Z + h i = - 3 4 .2  x 1013
ff12
H
b) Z + ecnl ^  -12.5 
> - <
^  n 11z  + " i  ^ - 7 .8  x 10“
4 » 
c ) z+cca i ni = 33 .7  x 104 
1 H|
4 .




d) Z eca i ni = 67O
4
Z a i n i = 475 X 1011
1 Hi 3 1
' n dH
4 g 
e) Z jt eca.n, = 22 .8  X 10 
1 2  1 1
k  17Z a n, = 9 .0  X 101/
1
v<
; .y . ^v'
V! ? ‘ '■ ' ': ■ "
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TABLE VI11 4 .2°K (CONTINUED)
INTERMEDIATE AND HIGH FI ELD EXTRAPOLATI ON
FROM: Ohm, Cm., Gauss U n its Gaussian U n its
4 3
g) 2  + ecn, <X 2 
1 “  ' 1
2  + n,s)£ 2  + n, 
1 ”  1 1 ”  1
Ha12
3 4
h) 2 + ecn. 24 X 10H
1 ) 2  + ecn .H f ~  ? 
1 1 1
2 + n, <*.0.15 X 10 
1 1




j )  2 + ecn .H f = 47 X 10iU 
1 ' '
2 + n.H? = 29-4 X 1021
1 ”  1 1










m) 2 eca{ njH j = 5 X 10
n) 2 eca jn jH ^ = 1 5 8  X 1016
£ a j n j  H j  = 310 X 10




p) |  ecajnjHf = 3 X 10 2 ajhj H^  = 188 X 1023
• O ip
q) 2 e ca jn jH f = 2  X 101* ' 2 a j n jH3 = 1.25 X 1023
'■ : ■ '  ' ' 'V ; . . - .■'.. ; ’■ . 1,1 ■ .'’-
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TABLE IX 4.2°K  
Curve F i t t in g  w ith  Values o f e 'jj and e'jg
LOW FIELD EXTRAPOUT I ON
v j ,
FROM: Amp, °K, Cm., Gauss U n its Gaussian U n its
;P:'Pf r : ” \ / P P P -' ■' .■  •
ip
:■ ‘ ' <  ■ ' ■ • ■ '
tfr\V 
/  i .-V . TABLE IX k.2°K (CONTINUED)
HIGH AND INTERMEDIATE FI ELD EXTRAPOUT I ON
FROM: Amp, °K, Cm., Gauss Units Gaussian Units
' \ V  V  * ‘ ' ' 1 •/'■ ;■ ■
'  '  \  ' , ' '
fH',.'' 1 ■
l i?  ■ • 115
TABLE X 4 . 2°K 
Values Used In Curve F ittin g  of and Hffjj at 4 . 2°K
LOW FIELD MAGNET
H al2  H° l l
GAUSS X 10*** (ohm-cm.) - 1 t  iii3 gauss (ohm-cm.)" *















' ■ ' INTERMEDIATE FIELD MAGNET
160.5 -I768 3913
ifife -1245 3841
301 - 573-3 3477












































































# ' V '  ‘ - ' ' ’ 1
TABLE XI 4.2°K 










3-58 -  4.726 36.5
7.16 -  8.445 68.9
IO.74 - 10.80 97-9




28.64 -13-93 . 154.6
35-80 -13-30 154.6
42.96 -12.56 157- 6
50-12; - 11.86 146.3
71.60 - 10.06 115-3
85-92 -  8.96 96 .2
100.24
t
-  8.06 " 7 I . I
128.88 -  6.76 29.O
157-52 . -  5-83 -  5 .6 7
171.84 -  5.40 -21 .5
186.16 -  5.08 -31-5
■ ^ ‘yv-Sf; ■ "  -r V » " ' "  ...
TABLE XI 4.2°K  (CONTINUED)
INTERHEDI ATE FI ELD MAGNET
118
€12- H* i l
H amp gauss-amp
GAUSS °K-cm. °K-cm.
8 2 .2  -8 .572 + 73*39
134.4  - 6 . 38O -  1.544
204 -4.859 -5 3 *3 0
238.8  -4.259 -  71*59
308.4 -3 i‘3522 -  72.50
378 -2.841 . - 108.2
447.6 -2.475 -124.1
517.2  - 2.182  - 130*4
621.6  -1.841 - 130.8
726 -1.570 - 126.6
865.2  -1*349 - 130.4
1004.4 -1.164 -128.4
1213*2 -0.9794 - 128.2
1422 -0.8418 - 130.6
1630.8 - 0.7508 - 123*6
1935 - 0.6386 - 123.2
2395 -O .5 I I 9 -122.9
119









3889 - 0.3222 - I 59.5
4869 - 0.2600 -175
6000 -0.2130 -198
8000 - 0.1630 -229.6
10000 - 0 .1335 -259
12000 -0.1140 - 2 7 8 .
14000 - 0.1000 1 ro 00 00
16000 -0.0893 -291
18000 - 0.0820 -290
CHAPTER 11
PRESSURE-DEPENOENCE OF THE PERIOD OF DE HAAS-VAN ALPHEN-TYPE 
OSCILLATIONS IN ZINC AND BISMUTH
One o f the most d ire c t  methods o f e x te rn a l a c tio n  on the p e r io d ic  
e le c t r ic  f ie ld  w ith in  a c ry s ta l is  by a homogeneous compression o f the 
c ry s ta l;  th a t is  to  say, by homogeneous and e la s t ic  deform ation o f the 
la t t ic e .  This im p lies  a lso  a d ire c t  a c tio n  on the e le c tro n ic  p ro p e rtie s  
o f the  c ry s ta l,  such as those associa ted w ith  the galvanomagnetic and 
thermomagnetic e f fe c ts .  In v e s tig a tio n s  o f the e f fe c t  o f un iform  com­
pression on the e le c tro n ic  p ro p e rtie s  o f metals were made poss ib le  a t 
high temperatures (room temperature and h ig h e r), because Bridgman^ had 
developed a method fo r  the p roduction  and measurement o f hligh pressure.
At l iq u id  helium tem peratures, in v e s tig a tio n s  have a ls o  been conducted 
as a re s u lt  o f  the development o f seve ra l h igh-p ressu re  techniques. One 
method o f producing h igh pressures is  the " ic e  bomb" technique. In th is  
method, a m ix tu re  o f water and e th y l a lco ho l is  frozen in  an enclosed 
vessel and the re s u lt in g  pressure is  measured according to  the e longa tion  
o f  the vesse l. This technique has been app lied  in  the in v e s tig a tio n  o f the
o
in flu e n ce  o f pressure on the de Haas-Van Alphen e f fe c t  in  z in c  by Dmitrenko
*P. W. Bridgman, The Physics o f High Pressures. Reprinted w ith  
supplement. (London: G. B e ll,  1952)
2 | .  M. Dmitrenko, B. I .  V erk in , and B. G. Lazarev, "Magnetic 
P roperties  o f  Metals a t  Low Temperature. IV. In fluence  o f Homogeneous 
Compression on the De Haas-Van Alphen E ffe c t In  Zinc C ry s ta ls , "S ov ie t 
Physics JETP. V I I I  (1959), 229-237-
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e t a l .  and a ls o  by V erk in  and Dm itrenko.^ Brandt and V e n ttse l^  in ve s tig a te d  
the e f fe c t  in  bismuth. This method was used to  ob ta in  pressures as high 
as I 75O atmospheres. Another method which has been used a t pressures up
to  about 140 atmospheres is  the one in  which helium gas under pressure is
5 6in troduced in to  the c ry s ta l chamber.
The means used fo r  producing high pressures in  th is  in v e s tig a tio n  was 
the s o lid  hydrogen ram. The p r in c ip le  o f th is  technique is  th a t s o l id  
hydrogen should be p la s t ic  enough to  tra n sm it pressure h y d ro s ta t ic a lly .
The idea o f the ram was o r ig in a te d  by Stewart and Swenson.^ The ir method
Q
was ap p lied  and fu r th e r  developed a t Louisiana S tate U n iv e rs ity  by Deck.
The present work is  a co n tin u a tio n  o f Deck's in v e s tig a tio n s .
A GENERAL CONSIDERATION OF THE PRESSURE-DEPENDENCE OF DE HAAS-VAN ALPHEN 
EFFECTS
The accepted theory o f e le c tro n s  moving in  a p e r io d ic  p o te n t ia l is  
th a t the e le c tro n s  have energies which l i e  in  bands or regions o f K-space.
a
B. I. Verkin and I .  M. D m itrenko,. "Basic C h a ra c te r is tic s  o f  the 
De Haas-Van Alphen E ffe c t in  Z inc C rys ta ls  as a Function o f P ressu re ," 
P hys ica l-T echn ica l In s t i t u te ,  Academy o f Sciences, UkrSSR, (1958) 118-119-
\ . \ l .  Brandt and V. A. V e n tts e l, "E ffe c t  o f Uniform Compression 
on the O s c iU a tio n  o f  the Magnetic S u s c e p t ib il i ty  o f Bismuth a t Low 
Temperatures." Sovie t Physics JETP, V I I I  (1958). 757- 760.
R ^
^B a la in . op. c l t .
^K. S. Bala in , C. G. G ren ie r, and J. M. Reynolds, "E ffe c t o f Uniform 
Compression on the E ttingshausen-Nernst E ffe c t in  Zinc a t Low Temperature," 
The P hysica l Review. CXIX (I9 60 ), 935-938. ,
^J. W. Stewart and C. A. Swenson, "Compression to  10,000 Atmos o f 
S o lid  Hydrogen and Deuterium a t 4 .2 °  K ,"  The P hysica l Review. XCI|U (195*0* 
IO69-IO 7O.
®R. J. Deck, "E ffe c t  o f Pressure on the E ttingshausen-Nernst E ffe c t 
in  Z inc a t Helium Tem peratures," D is s e rta tio n , Louisiana S tate  U n iv e rs ity ,
I 96 I .
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9In Landau's theory o f the de Haas-Van Alphen e f fe c t ,  the pe riod  o f 
the de Haas-Van Alphen o s c il la t io n s  Is  given by
A  -  f '  (> ) '
o
^  6 h ^where p = > m being the e f fe c t iv e  mass o f the e le c tro n s  a t  the Fermi
surface (assuming e l l ip s o id a l energy su rfa ce s ), and Eq is  the chemical 
p o te n tia l o r Fermi energy measured from the bottom o f the e le c tro n ic  energy 
band in  question . L i fs h i tz  and Kosevich^0 using the re s u lts  o f Onsager** 
have shown th a t in  general (not re s tr ic te d  to  e l l ip s o id a l energy surfaces)
A  = g-S-S
a  c h A
• *  _  d  A
m "  d Eo
— **
where A is  the area in  momentum space o f the o r b i t  o f the e le c tro n  on the 
Fermi surface perpend icu la r to  the  magnetic f ie ld .
When h yd ro s ta tic .p re ssu re  is  app lied  to  a c ry s ta l,  the la t t ic e  para­
meters are changed and, in  genera l, the energy zone boundaries and the shape 
o f the Fermi surface are changed. I t  is  to  be expected th e re fo re  th a t the 
observed o s c i l la to r y  de Haas-Van A lphen-type e f fe c t  w i l l  change w ith  pressure.
9L. Landau, "Diamagnetismus der M e ta lie ,"  Z e its c h r i f t  fu r  Phvsik. 
LXIV (1930), 629-637*
* ° | .  M. L i f s h i tz  and A. M. Kosevich, "Theory o f Magnetic Suscepti­
b i l i t y  in  Metals a t Low Temperatures." Sovie t Physics JETP, I I  (1956),
636- 645 .
**L . Onsager, " In te rp re ta t io n  o f  the de Haas-Van Alphen E ffe c $ ,"  
The P h ilosoph lea l Magazine. XLI11 (1952), 1006-1008.
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DE HAAS-VAN ALPHEN-TYPE OSCILLATIONS JN ZINC AS A FUNCTION OF PRESSURE
In the present work the o s c i l la t io n s  observed were those in  e j j  o f
the th e rm o e le c tr ic  tensor. The experim enta l apparatus and procedure were
12e s s e n t ia l ly  the same as those used by Deck. An o v e r -a ll view  o f the 
helium f la s k  and pressure apparatus is  shown in  Figure 23* An exploded 
view o f the h igh pressure c y lin d e r is  given in  Figure 2k, and a d e ta ile d  
view o f the c ry s ta l ho lder is  shown in  F igure 25. Figures 23 through 25 
are re p r in ts  from Deck's d is s e r ta t io n . .
A z in c  s in g le  c ry s ta l was grown in  the form o f.a  th in  s lab  according 
to  the t r a v e l l in g  furnace method described by A l i .  J An X -ray study o f the 
c ry s ta l showed th a t i t s  hexagonal a x is  was in c lin e d  a t  an angle o f app rox i­
m ately 15*5° from the pe rpend icu la r to  the plane o f the c ry s ta l.  For the 
experim ent, a c ry s ta l o f approximate dimensions 9 X 3 X 0 .5  mm was cu t from 
the s lab . The cuts  were made by the chemical a c tio n  o f  n i t r i c  a c id . The 
heater cons is ted  o f a res is tance  w ire  o f approxim ate ly k  ohms. I t  was 
wound around one end o f the c ry s ta l and held in  p lace by nylon thread and 
G ly p ta l. The c ry s ta l was then mounted in  i t s  ho lder (see Figure 25) and 
the leads were soldered to  i t .  E ight leads in  a l l  were used; two fo r  the 
heater, two fo r  the e le c fi^ ic  c u rre n t, two fo r  the lo n g itu d in a l probes, and 
two fo r  the transverse  probes. The leads used were number 31 copper Ijeads 
coated w ith  Formvar. The exception  to  th is  was the cu rre n t lead soldered
ip
Deck, Oj>. c i t . pp. 6 f f .
.^ S . A* A l i ,  "Low Temperature Galvanomagnetic E ffe c ts  in  Metal 
S ing le  C rys ta l o f Z in c ,"  D is s e rta tio n , Louisiana S tate U n iv e rs ity , 1958, 
pp. 15 f f .
Blackhawk 






















Potossium Washer. i -Piston Tip
.Brass Dis< 





^ S e e  Detail "B"Gold Woshen
✓/
/















































































to  the lower end o f the c ry s ta l.  This lead was o f  number 25 copper w ire  
and served the dual purpose o f e le c t r ic  c u rre n t lead and heat s in k .
During a run, the magnetic f ie ld  was a lign ed  p a ra l le l  to  the hexagonal
a x is  o f  the c ry s ta l by ro ta t in g  the magnet and observing the minimum in
14 ■'the m agnetoresistance. Two successfu l runs were made w ith  the same
apparatus and the same c ry s ta l,  and the change in  pe riod  w ith  pressure
was observed under co n d itio n s  both o f  increas ing  and decreasing pressure.
The re s u lts  o f the two runs are shown in  Figures 26 and 27 . For comparison,
the re s u lts  o f Deck are shown in  the  same f ig u re s . The curve showing
15
Deck's data was made under co n d itio n s  o f decreasing pressure on ly .
The "h y s te re s is  e f fe c t "  in  the pe riod  versus pressure curves under
co n d itio n s  o f increas ing  and decreasing pressure is  apparent from Figures
l 6
26 and 27 . This e f fe c t  was a lso  observed by Deck. I t  is  suspected th a t
the so -ca lle d  h ys te re s is  re su lte d  from an inhomogeneity in  the pressure
tra n sm itte d  by the s o lid  hydrogen. W hile s o lid  hydrogen is  p la s t ic  as
17observed by S tewart, 1 neverthe less i t  is  q u ite  l i k e ly  th a t the pressure 
tra nsm itte d  by such a medium is  not p e r fe c t ly  h y d ro s ta tic .
PEKHAAS-VAN ALPHEN-TVPE OSCILLATIONS JN BISMUTH AS A FUNCTION OF PRESSURE
l4 J b id . ,  p. 46.
^D eck. op. c l 1. , p. 37*
l 6 lb ld . . p. 56 -
W. Stewart, "Some Measurements a t  High Pressures and Low 
Tem peratures," D is s e rta tio n , Harvard U n iv e rs Ity , 195^*
Because o f  the suspected inhomogeneity in  the pressure transm itte d  
by s o lid  hydrogen, i t  was decided th a t b e tte r  re s u lts  would be obtained i f  
the c ry s ta l were to  present a more symmetric surface than the . f l a t  s lab o f 
z in c . Small c ry s ta ls  o f bismuth were grown, approxim ate ly sp h e rica l in  
shape and about 2 .5  mm. in  d iam eter. To grow a s in g le  c ry s ta l o f f th is  
s ize  was not d i f f i c u l t .  A number o f  pieces o f pyrex glass tub ing  was 
obta ined o f  approxim ate ly 2 .5  mm. I.D . and about 3 cm. long. The g lass­
ware was then cleaned by immersion in  a b j|th  o f  5 percent h y d ro flu o r ic  
a c id , 33 percent n i t r i c  a c id , 2 percent Teepol and 60 percent w ate r, and 
f i n a l l y  rinsed  in  d is t i l ie d  w ater. One end o f each piece was then sealed 
by hea ting , the cu rva tu re  o f the closed end being approxim ate ly s p h e ric a l. 
The glass tubes were then f i l i e d  w ith  s i l ic o n  o i l  (Dow Corning 550) and 
placed u p rig h t in  a sm all g lass beaker. The glass beaker was a ls o  p a r t ia l ly  
f i l l e d  w ith  the s i l ic o n  o i l .  Small pieces o f bismuth o f the desired weight 
were etched in  n i t r i c  a c id , washed in  d is t i l l e d  water and acetone and 
dropped in to  the glass tubes. The beaker was then s e t'o n  a hot p la te  and 
the temperature was ra ised  u n t i1 the pieces o f bismuth melted. The s i l ic o n  
o i l  can w iths tand  ra th e r h igh temperatures and i t  served the purpose o f 
p reven ting  the o x id a tio n  o f the bismuth. . When the bismuth m elted, each 
piece assumed an approxim ate ly sp h e rica l shape. The e le c t r ic  c u rre n t to  
the  hot p la te  was then turned o f f  and the bismuth was allowed to  coo l, i t  
seemed to  make l i t t l e  d iffe re n c e  whether the co o lin g  ra te  was fa s t  or slow, 
in  e ith e r  case, about two ou t o f s ix  bismuth spheres were found to  be 
s in g le  c ry s ta ls .  This was determined by v is u a lly  examining each c ry s ta l 
a f te r  e tch in g  and by ta k in g  a se rie s  o f Laue photographs. The p r in c ip a l 
cleavage plane o f a bismuth c ry s ta l is  pe rpend icu la r to  the tr ig o n a l a x is .
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This plane was loca ted  v is u a lly  by de term in ing the area o f maximum re ­
f l e c t i v i t y .  By means o f a razor b lade, a sm all p iece was cu t from each 
c ry s ta l a long th is  cleavage plane. This l e f t  a f l a t  m ir r o r - l ik e  surface 
pe rpend icu la r to  the  tr ig o n a l a x is  o f the c ry s ta l,  which aided in  the 
o r ie n ta t io n  o f the c ry s ta l on i t s  mounting. The c ry s ta l ho lder d e ta i l  
was somewhat m od ified  from th a t shown in  F igure 25. In the present 
case, a copper rod was mounted v e r t ic a l ly  on a brass post in  the c ry s ta l 
ho lde r. The mounting was achieved by epoxy re s in , which a ls o  served to  
e le c t r ic a l ly  in s u la te  the copper rod from the pressure c y lin d e r. A bismuth 
sphere was then soldered to  the top o f the copper post, w ith  precautions
taken to  insure th a t  the t r ig o n a l a x is  o f the c ry s ta l was h o r iz o n ta l.  'A
18sp e c ia l bismuth so ld e r was used, c o n s is tin g  o f 50 percent bismuth, 25 
percent t i n  and 25 percent lead. The m e ltin g  p o in t o f th is  so lde r is  
approxim ate ly 110°C., and th e re fo re  could be used aga ins t the c ry s ta l 
w ith o u t danger o f m e ltin g  the bismuth.
I t  was decided th a t the o s c i l la t io n s  in  the H a ll E ffe c t would be most 
con ven ie n tly  observed w ith  the bismuth sphere. A cco rd ing ly , fou r leads 
in to  the h igh pressure c y lin d e r were re qu ired , two fo r  the c ry s ta l cu rre n t 
and two fo r  the transverse  vo lta ge . Three h igh-pressure  runs w,ere made 
w ith  the bismuth spheres and none o f them was successfu l. In each case, 
the o s c i l la to r y  H a ll E ffe c t was observed before app ly ing  pressure to  the 
c y lin d e r . As pressure was ap p lied , ex tru s io n s  o f s o lid  hydrogen occurred, 
and in  every case, th is  re su lte d  in  damage to  the c ry s ta l o r to  i t s  ptpobes.
18Svbert. op. c i t . , p. 28.
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In one case, the  e x tru s io n  caused the probes to  be broken from the c ry s ta l,  
and in  the two o the r cases, the c ry s ta l i t s e l f  was broken and separated 
from i t s  mounting* I t  was be lie ved  th a t the ex tru s io n s  o f s o lid  hydrogen 
occurred around the potassium washer (see F igure 2*t). A c lose exam ination 
o f the c y lin d e r  w a lls  revealed a number o f sm all scra tches, and i t  is  
probable th a t the e x tru s io n s  occurred because o f th e ir  presence. The 
c y lin d e r  used In  the experiments w ith  the bismuth spheres was the same 
one th a t had been used w ith  the z in c  c ry s ta l as described above. No 
e x tru s io n s  occurred du ring  the experiments w ith  z in c , i t  would seem, 
th e re fo re , th a t a pressure c y lin d e r  m ight be u se fu l fo r  two o r three 
experim ents, bu t a new one should be machined a f te r  a few runs in  order 
to  avo id  e x trus ion s  and re s u lt in g  damage to  the c ry s ta l.
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